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hundreds  of  Federal  agencies,  laboratories,  and  engineer 
ing  centers  willing  to  share  their  expertise  and  equip- 
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Published  monthly  by  the  National  Technical 
Information  Service  (NTIS),  Tech  Notes  bring 
together  individual  one-  to  two-page  fact  sheets 
prepared  by  Federal  agencies,  their  laboratories, 
or  contractors.  These  fact  sheets  highlight  current 
Federal  technology  determined  to  have  commer- 
cial or  practical  application.  Topics  cover  new 
processes,  materials,  techniques,  software, 
instrumentation,  and  resources. 

Some  of  the  current  sources  are  the  Depart- 
ment of  the  Navy,  Department  of  the  Army, 
NASA,  Department  of  Energy,  Environmental 
Protection  Agency,  Department  of  the  Interior, 
and  the  Department  of  Agriculture. 

Special  assistance  is  provided  by  the  Federal 
Laboratory  Consortium. 


Change  of  address  or  questions  concerning 
subscriptions  should  be  sent  to: 

Subscriptions  Department 

National  Technical  Information  Service 

Springfield,  VA  22161 

(703)  487-4630 

Suggestions,  comments,  or  questions  concerning 
Tech  Notes  should  be  directed  to: 
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Room  300B  F 

National  Technical  Information  Service 

Springfield,  VA  22161 

(703)  487-4805 
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Every  Tech  Notes  fact  sheet  lists  a  source 
for  additional  information.  The  source  of 
this  information  may  be  a  special  support 
package  from  the  originating  agency,  a 
personal  contact,  a  licensing  opportunity, 
or  a  backup  report  available  from  NTIS. 


Each  fact  sheet  also  is  perforated  to  allow 
for  easy  removal  for  those  subscribers  who 
may  wish  to  keep  a  special  fact  sheet  file  or 
route   to   others   in   their  organization 
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Further  Backup 

Information 


Below  are  two  representative  examples  of 
how  each  Tech  Note  fact  sheet  provides 
you  with  a  source  of  further  information.  In 
most  cases,  this  information  is  provided 
directly  by  the  agency  or  its  laboratory. 


However,  there  are  cases  where  NTIS  is 
the  source  for  backup  documentation.  In 
these  cases,  use  the  order  form  at  the 
end. 


Examples: 

significant  distance  from  the  endwalls.  Therefore,  a 
radial  variation  in  efficiency  should  be  used  when 
designing  small  stators. 

Project  Officer  Jeffrey  E.  Haas 

(216)433-4000. 

FOR    ADDITIONAL    INFORMATION 

You  can  learn  more  about  this  technology  by  ordering; 
the  NTIS  report(s): 

Cold-Air  Performance  of  Compressor  Drive 

Turbine 

Order  number:  AD-A101066/NAA 

Price  code:  A02  — - — ■ 

Order  from: 

National  Technical  Information  Service 

5285  Port  Royal  Road 

Springfield,  VA  22161 

(703)  487-4650 
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•Agency  contact  who  can 
supplement  the  information 
contained  in  the  backup 
report. 


NTIS  Order  Number* 
NTIS  Price  Code* 
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*  See  the  order  form  and 
price  code  table  at  the  end 
of  the  issue. 


Suggested  applications  include  other  kinds  of 
refrigerators,  heat  engines,  thermal 
instrumentation,  and  heat  switches. 
This  work  was  done  by  Emanuel  Tward  of  Caltech 
for  NASA's  Jet  Propulsion  Laboratory.  _______ 

NPO-15479/TN    — " " 

FOR    ADDITIONAL    INFORMATION 

Contact:  Director,  Technology  Transfer 
Division,  P.O.  Box  8587,  BWi  Airport,  MD 
21240:  (301)  621-0100  Ext. 241. 
REFER  TO  THE  NUMBER  LISTED  AT  THE 
END  OF  THE  ARTICLE 
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New  Weed  Weapon  Possible 


A  chance  discovery  in  a  Mississippi 
soybean  field  may  someday  lead  to  a 
potent  new  weapon  in  farmers'  biologi- 
cal control  arsenal  against  weeds. 

C.  Douglas  Boyette,  an  ARS  plant 
pathologist,  was  almost  ready  to  begin 
testing  a  natural  pathogen's  effective- 
ness against  sicklepod  weeds  when  he 
noticed  nature  had  started  without  him. 

"We  were  planting  sicklepod  for  our 
tests,  but  there  were  some  sicklepod 
plants  already  out  there,  about  8  inches 
tall,"  recalls  Boyette,  "We  hadn't  yet 
made  the  applications  of  our  pathogen, 
but  I  noticed  disease  on  those  plants." 

Boyette  recognized  the  disease  as  one 
he'd  seen  before,  but  typically  in 
September  and  October.  This  time  it 
was  June,  "but  cool  and  damp  weather, 
like  you'd  see  in  the  fall." 

Intrigued,  he  took  some  of  the 
diseased  plant  tissue  back  to  the  lab  and 
dissected  it. 

"When  we  split  the  stems  lengthwise, 
we  could  actually  see  the  fungus 
growing  like  cobwebs.  There  were  also 
other  fungi  on  the  tissue,  but  I  suspected 
we  had  found  the  key  one  because  it  had 
infected  so  deeply." 

Experts  at  the  University  of  Minne- 
sota have  identified  the  mystery  fungus 
as  Fiisarium  o.xysporum.  a  common  wilt 
pathogen.  Boyette  says  it  could  prove  to 
be  something  special  for  fanners. 

"It's  not  as  selective  as  other  patho- 
gens," he  notes.  "Most  pathogens  attack 
only  one  or  two  weeds.  But  mis  one  will 
attack  all  sorts  of  leguminous  weeds, 
including  sicklepod,  hemp  sesbania,  and 
coffee  senna." 

Controlling  just  those  three  would  be 
cause  for  joy  among  farmers.  Sicklepod 
plagues  soybeans  and  cotton  in  the  South 
and  Southeast,  while  coffee  senna  takes 
its  toll  in  soybeans  and  peanuts.  Hemp 
sesbania  inflicts  havoc  in  soybeans  and 
rice  throughout  the  Mississippi  Delta 
and  is  increasingly  becoming  a  problem 
in  cotton  as  well. 


JACK   DYKINGA 


Plant  pathologist  Douglas  Boyette 
compares  healthy,  untreated  sicklepod 
weeds  (right)  to  samples  that  were 
treated  with  Fusarium  oxvsporum. 
(K-3671-14) 

"Farmers  spend  a  lot  of  money  on 
chemicals  to  control  these  three  weeds." 
Boyette  says.  "And  the  herbicides  can't 
be  used  on  all  crops.  For  example,  the 
herbicide  to  control  hemp  sesbania  in 
rice  and  soybeans  can  not  be  used  on 
cotton  plants." 

The  new  pathogen  also  appears  to 
work  over  a  wide  range  of  soil  condi- 
tions, Boyette  adds. 

"It's  a  soil-borne  pathogen,  and  the 
soil  buffers  it  from  the  en\  ironmental 
restraints  nou  face  w  ith  foliar  and  stem 
pathogens,"  he  says.  "It  doesn't  require 
such  a  precise  environment." 

While  the  pathogen  is  deadly  to  some 
leguminous  weeds,  greenhouse  tests 
suggest  it  poses  no  threat  to  soybeans, 
another  legume. 

"We're  also  working  on  a  formulation 
for  appK  ing  it,"  he  adds.  "We  hope  just 
one  treatment  a  yeiu\  applied  at  the  time 
you  plant  \  our  crop,  will  control  these 
weeds  throughout  the  arow  ins  season. 
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This  should  be  an  economical  product, 
too,  because  ifs  easy  to  produce  and 
grows  well." 


C.  Douglas  Boyette  is  the  USDA-ARS 
Southern  Weed  Science  Laboratory,  P.O. 
Box  350.  Stoneville,  MS  38776  (601) 
■2311.    ♦ 
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NIST  Technology  Update 

National  Institute  of  Standards  &  Technology 

U.S.  Department  of  Commerce,  Gaithersburq,  MP  20899 

Computer  Graphics  Metafile  Test  Service  Debuts 


On  May  1,  the  Computer  Graphics  Metafile  (CGM)  Test  Service  begins  a  1-year  trial  program.  The  service  will 
analyze  a  CGM  file  to  test  if  it  meets  requirements  that  allow  the  transfer  of  pictures  among  different  graphical  software 
systems,  graphical  devices,  and  computer  graphics  installation.  The  testing  will  benefit  both  users  and  vendors  by 
increasing  confidence  in  the  performance  and  quality  of  CGM  products  and  in  successfully  interchanging  graphics 
pictures.  The  two  requirements  used  are  the  Federal  Information  Processing  Standard  (FIPS)  128,  "Computer  Graphics 
Metafile,"  and  the  Computer-aided  Acquisition  and  Logistic  Support  (CALS)  Application  Profile  (MIL-D-28003). 

FOR  ADDITIONAL  INFORMATION:  An  information  pack  containing  details  on  prices,  the  test  service,  and  how  to 
submit  files  is  available  from  Lynne  S.  Rosenthal,  A266  Technology  Bldg.,  NIST,  Gaithersburg,  MD  20899:  (301)975- 
3353. 
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NIST  Technology  Update 

National  Institute  of  Standards  &  Technology 

U.S.  Department  of  Commerce,  Gaithersburg,  MP  20899 


FIPS  Publication  160  Approved  for  C 


The  Commerce  Secretary  approved  a  Federal  Information  Processing  Standard  (FIPS)  for  the  programming  language  C, 
adopting  voluntary  industry  specifications  (ANSI  X3. 159-1989).  This  standard  specifies  the  form  and  establishes  the 
interpretation  of  programs  written  in  the  C  programming  language.  The  purpose  of  the  standard  is  to  promote  portabilily 
of  C  programs  for  use  on  a  variety  of  data  processing  systems.  The  standard  is  used  as  the  reference  authority  in 
developing  compilers,  interpreters,  and  other  forms  of  high-level  language  processors.  It  is  also  used  by  computer 
professionals  who  need  to  know  the  precise  syntactic  and  semantic  rules  adopted  by  ANSI.  Federal  standards  for  high- 
level  programming  languages  permit  federal  agencies  to  exercise  more  effective  control  over  the  production, 
management,  and  use  of  the  government's  information  resources. 

FOR  ADDITIONAL  INFORMATION:  For  technical  details,  contact  L.  Arnold  Johnson,  A266  Technology  Bldg., 
NIST,  Gaithersburg,  MD  20899,  (301)975-3247. 
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IVIASATech  Brief 

National  Aeronautics  and 
Space  Administration 

Ames  Research  Center,  Moffett  Field,  California 


Half-Tone  Video  Images  of  Drifting  Sinusoidal  Gratings 


Gratings  appear  to  move  smoothly  at  low  speeds. 


A  digital  technique  for  the  generation  of 
a  slowly  nnoving  video  image  of  a  sinusoidal 
grating  avoids  the  difficulty  of  transferring 
the  full  image  data  from  disk  storage  to  im- 
age memory  at  conventional  frame  rates. 
The  technique  makes  the  motion  appear 
smooth  (instead  of  jerking  one  picture  ele- 
ment after  a  certain  number  of  frame  peri- 
ods), even  at  speeds  much  less  than  one- 
tenth  picture  element  per  frame  period. 

The  technique  is  applicable  to  a  digital 
video  system  in  which  (1)  the  image  mem- 
ory consists  of  at  least  2  bits  per  picture 
element,  and  (2)  the  final  brightness  of  a 
picture  element  is  determined  by  the  con- 
tents of  a  "  lookup-table' '  memory  that  can 
be  programmed  anew  each  frame  period 
and  that  is  indexed  by  the  coordinates  of 
each  picture  element.  Frame-by-frame  pro- 
grammability  is  important  because  it  in- 
volves the  transfer  of  fewer  data  than  are 
necessary  to  specify  an  ordinary  image 
and,  therefore,  the  operation  of  the  system 
is  not  restricted  by  input/output  rates. 

The  technique  depends  partly  on  a  trigo- 
nometric identity  by  which  a  moving  sinu- 
soidal grating  can  be  decomposed  into  two 
stationary  patterns  that  are  spatially  and 
temporally  modulated  in  quadrature.  For  ex- 
ample, for  a  grating  of  vertical  stripes  mov- 
ing horizontally 

sin[(27rAXx+vf)]  =  sin(27rx/X)cos(27rvtO^) 

+  cos(27rxA)sin(27rvf/\) 

when  V  =  the  speed,  t  =  time,  and  X  = 
the  wavelength.  The  sine  and  cosine  spatial 
patterns  are  first  reduced  to  1  bit  per  pic- 
ture element  by  any  of  several  available 
digital  half-toning  techniques.  The  resulting 
pair  of  1-bit  images  is  loaded  into  a  pair  of 
bit  planes  in  the  display  memory  During 
each  successive  frame  period,  the  con- 
tents of  the  "lookup-table"  memory  are 
modified  to  display  the  current  weighted 
sum  of  the  bit-plane  patterns,  in  which  sum 
the  current  weights  are  the  instantaneous 
values  of  the  sinusoidal  and  cosinusoidal 
temporal  modulations. 

The  image  memory  could  include  sev- 
eral different  pairs  of  bit  planes,  each  of 
which  could  contain  the  half-tone  bits  of 
a  horizontal  or  vertical  grating  of  different 
wavelength.  Furthermore,  each  pair  of  bit 


A  Two-Dimensional  Gabor  Patch  —  a  one-dimensional  sinusoidal  grating  modulated 
by  a  two-dimensional  Gaussian  window  —  is  displayed  here  in  half  tone  on  a  256  by 
256  grid. 


planes  could  be  temporally  modulated  at 
a  different  frequency  and  could  be  used 
to  spatially  modulate  a  grating  of  a  different 
color.  The  resultant  image  could  contain 
several  horizontal  and  vertical  gratings  of 
different  colors  moving  at  different  speeds  — 
in  effect  a  moving  sinusoidal  plaid. 

Although  the  technique  involves  a  sub- 
stantial amount  of  computation  in  the  gen- 
eration of  the  half-tone  images,  once  that 
computation  has  been  performed  for  a 
given  horizontal  or  vertical  wavelength  the 
bit-plane  data  for  that  wavelength  can  be 
used  to  produce  gratings  that  have  many 
different  contrasts  and  that  drift  at  many 
different  velocities.  A  window  function  can 
also  be  made  to  spatially  modulate  the  drif- 
ting grating(s)  (see  figure).  This  presents  no 


major  problem  because  the  product  of  the 
window  and  grating  spatial  modulations  is 
computed  before  the  half-toning  computa- 
tions. 

This  work  was  done  by  Jeffrey  B.  f\^ulligan 
and  Leiand  S.  Stone  of  Ames  Research 
Center.  Furtfier information  maybe  found 
in  NASA  TM-101022[N89-13171].  ■'Efficient 
Use  of  Bit  Planes  in  the  Generation  of  (Mo- 
tion Stimuli." 

Copies  may  be  purchased  [prepayment 
required]  from  the  National  Technical  In- 
formation Service.  Springfield.  Virginia 
22161.  Telephone  No  (703)487-4650.  Rush 
orders  may  be  placed  for  an  extra  fee  by 
calling  (800)  336-4700. 
ARC-12414 


FOR  ADDITIONAL  INFORMATION:  Contact  Director.  Technology  Transfer  Division.  PO.  Box  8757. 

BWI  Airport.  MD  21240:  (301)  621-0100  Ext.  241 
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IWNSATech  Brief 


Computer 
Software 


National  Aeronautics  and 
Space  Administration 


Surface-Shading  Program 

Wire-frame,  shaded, 

and  function-mapped  parts 

can  be  created  interactively. 


The  Surface  Shading  computer  program, 
SURF,  was  developed  in  support  of  the 
work  of  Computational  Fluid  Dynamics 
(CFD)  scientists  at  NASA  Ames  Research 
Center  SURF  is  part  of  the  CFD  graphics 
software.  SURF  accepts  input  in  the  form 
of  grid  and  solution  files  that  would  other- 
wise normally  be  fed  to  Ames  Research 
Center's  version  of  the  PL0T3D  software 
from  "flow  solver"  programs.  SURF  inter- 
actively creates  wire-frame,  shaded,  and 
function-map  parts  that  can  be  viewed  and 
then  transferred  to  Ames  Research  Graphic 
(ARCGRAPH)  standard  files,  which  can  be 
animated  with  GAS  (COSMIC  Program  ARC- 
12379). 

Such  "flow  solver"  programs  as  INS3D 
(COSMIC  Program  ARC-11794)  solve  the 
equations  of  higher  order  that  govern  the 
characteristics  of  flight  according  to  the 
"grid"  specifications  of  the  test  geometry 
(e.g.,  forward  swept  wing  model  with  sur- 
rounding airspace)  and  simulation  condi- 
tions (e.g.,  angle  of  attack,  mach  number, 
and  Reynolds  number).  The  numerical  solu- 
tion data  thus  generated  are  collected  and 
converted  to  graphical  images  of  flows, 
pressure  distributions,  shock  waves,  and 
particle  traces  via  the  Ames  PLOTSD  graph- 
ics package. 


Although  not  meant  as  a  substitute  for 
Ames  PL0T3D,  SURF  accepts  the  PL0T3D 
input  files  and  provides  interactive,  mouse- 
driven  manipulation  of  the  resulting  graphi- 
cal images.  The  mouse-driven  menu  inter- 
face in  SURF  enables  the  user  to  create 
models  that  consist  of  mixtures  of  different 
types  of  parts  (including  gouraud  and 
smoothly  shaded  function-mapped  parts) 
that  can  be  interactively  viewed,  deleted, 
or  put  out  to  ARCGRAPH  files. 

The  color  and  the  specular  highlights  of 
gouraud-shaded  parts  can  be  adjusted  in- 
teractively Shaded  parts  are  created  based 
on  sources  of  light,  points  of  view,  and  levels 
of  ambient  light  specified  by  the  user  In  ad- 
dition, the  color  spectra  of  function-mapped 
parts  can  be  adjusted  interactively  Legends 
can  be  created  to  show  correlations  of  color 
and  normalized  values  of  functions  (i.e., 
pressure,  density,  temperature,  and  mach 
numbers).  Function-mapped  parts  can  be 
"clipped"  in  such  a  way  that  they  show  only 
contours  within  specified  ranges  of  values. 
Other  features  of  SURF  include  the  ability 
to  work  with  several  grids  and  solutions, 
deletion  of  grids  and/or  solutions,  support 
of  multigrid  files,  blanking  out  the  pictures 
at  specified  grid  points,  reading  of  "planes" 
or  "whole"  format  files,  screen-dump  in- 


put and  output  of  picture-element  files, 
displays  of  current  grid  and  part-attribute 
data,  and  escape  to  or  from  a  UNIX  soft- 
ware shell. 

SURF  was  developed  for  the  Silicon 
Graphics  IRIS  2000/3000-series  worksta- 
tions running  UNIX.  The  workstation  should 
have  at  least  4  MBytes  of  memory,  32  bit 
planes,  z-buffering  and  z-clipping,  and  float- 
ing-point-hardware support.  SURF  was  writ- 
ten in  the  C  programming  language  and  re- 
quires the  Silicon  Graphics  "include"  files 
(e.g.,  stdio.h,  gl.h).  SURF  can  be  purchased 
separately  or  in  a  package  (COSMIC  Pro- 
gram COS-10020)  also  containing  GAS  and 
Ames  Research  Graphics  Systems  AR- 
CGRAPH (COSMIC  program  ARC-12350). 
SURF  was  developed  in  1988. 

This  program  was  written  by  Todd 
Plessel  of  Sterling  Software  for  Ames 
Research  Center. 
ARC-12381/TN 

FOR  ADDITIONAL  INFORMATION 

CONTACT 

COSMIC® 

112  Barrow  Hall 
University  of  Georgia 
Athens,  GA  30602 

(404)  542-3265 
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0632  Tactical  High  Frequency  Array  Antenna 

0633  New  Office  Corrals  Microelectronics  Research 

0634  Industry  Can  Now  Use  Sandia  Microelectronics  Test  Facilities 

0635  Superconducting  Transistor  Shows  High  Promise  in  Circuits 

0636  Active  Compliance  and  Damping  in  Telemanipulator  Control — Variable 
simulated  springs  and  shock  absorbers  soften  collisions  and  increase 
dexterity. 

0637  Accounting  for  Nonlinearity  in  a  Microwave  Radiometer — Temperature  is 
assumed  to  vary  quadratically  with  the  reading. 

0638  Liquid-Crystal  Light  Valve  Enhances  Edges  in  Images — A  real-time 
edge-enhancement  technique  can  increase  the  discrimination  between 
similar  objects. 

0639  Improved  Notch  Filter  for  Synchronous-Response  Control — A  tracking 
differential  notch  filter  has  both  good  synchronous-response 
performance  and  vastly  improved  stability. 

Testing  &  Instrumentation 

0640  Navy  Improves  Scanning  Electron  Microscopy 

0641  Twin-Mirrored-Galvanometer  Laser-Light-Sheet  Generator — Multiple, 
rotating  laser-light  sheets  are  generated  to  illuminate  flows  in  wind 
tunnels. 

Other  Items  of  Interest 

0657     Spacing  Windings  Evenly  in  Toroidal  Inductors — Leakage  inductance  is 
controlled. 
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U.S.  Army  Fact  Sheet 


Army  Communications-Electronics  Command 

Tactical  High  Frequency  Array  Antenna 


The  present  invention  relates  to  a  high  -frequency  s.m:<y    antenna 
vertically  polarized  comprised  of  both  bottom  and  top  -fed 
configurations  having  a  driven  element  comprising  at  least  one,  when 
desirable,  two  generally  horizontal  wire  conductor  segments  of  a 
length  substantially  equal  to  one  half  the  operating  wavelength  of 
the  B.rrs.Y    and  with  the  ends  of  the  half -wave  conductor  segments 
being  connected  to  or  extending  into  generally  vertical  quarter 
wavele?ngth  wire  conductor  segments.   The  prirriary  advantage  of  this 
technique  is  that  it  provides  unidirectional  radiation  and  reception 
at.  low  take-off  angles,  e.g.  20  degrees  above  the  horizon. 


STATE  OF  DEVELOPMENT 

The  technique  has  been  laboratory  proven  and  tested  for  use  by  the 
United  States  Army. 

APPLICATIONS 

The  invention  can  be  used  in  general  high  frequency  commiuni  cat  i  on 
systems  where  there  exists  a  need  for  a  high  performance,  light 
we^ight  portable  antenna  which  provides  unidirectional  radiation  and 
reception  of  high  frequency  radio  waves  at  low  take-off  angles  above 
the  horizon.   The  device  would  be  useful  as  an  antenna  deployed  with 
restoration  communication  system.s  and  with  quick  reliction  HP  systems 
such  as  those  used  in  the  television  and  radio  industries. 

PATENT  STATUS 

U.S.  Patent  Number  4,611,214 


FOR  ADDITIONAL  INFORMATION:  Charles  Grzenda,  Chief,  Office  of  Research  and  Technology 
Applications,  Center  for  C3  Systems,  ATTN:    AMSEL-RD-C3-SD,  Fort  Monmouth,  NJ  07703, 
Telephone:    (908)544-3119.    Refer  to  Assessment  No.  005. 
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Federal  laboratory  resource 

NIST  Technology  Update 


National  Institute  of  Standards  &  Technology 

U.S.  Department  of  Commerce,  Gaithersburg,  MP  20899 


New  Office  Corrals  Microelectronics  Research 


In  an  effort  to  serve  U.S.  semiconductor  device,  equipment,  and  materials  companies  better,  NIST  has  established  a 
focal  point  for  its  technical  expertise  in  semiconductors.  The  new  Office  of  Microelectronics  Programs  aims  to 
create  and  coordinate  measurement-related  semiconductor  research  projects  that  span  a  spectrum  of  scientific 
disciplines.  Semiconductor-oriented  studies  encompassing  electrical  engineering,  chemical  engineering,  analytical 
chemistry,  physics,  and  manufacturing  engineering  are  in  the  new  unit's  domain.  Robert  I.  Scace,  who  heads  the 
office,  says  semiconductor  companies  share  similar  measurement-related  obstacles  in  the  chip  manufacturing 
process.  These  often  prevent  reaching  the  desired  yield  of  microelectronics  devices.  Scace  says  his  office  can  help 
solve  such  problems  by  acting  as  a  liaison  with  industry,  ensuring  that  companies  get  research  results  and  that  new 
projects  address  industrial  measurement  needs. 

FOR  ADDITIONAL  INFORMATION:  For  more  information,  contact  Scace  at  B358  Metrology  Bldg.,  NIST, 
Gaithersburg,  MD  20899;  (301)975-2220. 
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Federal  laboratory  resource 


Technology  Application 


Sandia  National  Laboratory 

Industry  Can  Now  Use  Sandia  Microelectronics  Test 
Facilities 


i 


Sandia  National  Laboratories  has  announced  the 
formation  of  the  Microelectronics  Quality/Reliability 
Center  (MQRC)  Affiliates  Program,  which  permits 
American  industry  to  use  Sandia's  extensive  test  facili- 
ties and  experience  to  analyze  and  improve  the  quality 
of  microelectronics  products. 

The  program,  part  of  the  U.S.  Department  of 
Energy's  initiative  to  help  American  industry  compete 
in  the  world  marketplace,  is  a  cooperative  program  with 
private  microelectronics  companies  that  participate  fi- 
nancially. With  these  investments,  the  companies  will 
gain  access  to  unique  Sandia  facilities  at  a  cost  substan- 
tially less  than  would  be  required  for  the  companies  to 
construct  similar  facilities. 

Access  to  unique  facilities 

Sandia,  a  multiprogram  DOE  lab,  has  a  distin- 
guished microelectronics  history  that  includes  its  inven- 
tion of  the  laminar-flow  clean  room  in  the  1960s,  devel- 
opment of  radiation-hardened  integrated  circuits  in  the 
1970s,  and  establishment  of  a  world-class  Microelectron- 
ics Development  Laboratory  in  the  1980s.  The  develop- 
ments stem  from  Sandia's  critical  need  for  extremely 
reliable  microelectronic  circuitry  for  military  and  space 
applications.  To  support  this  continuing  need,  the  DOE 
established  an  extensive  microelectronics  reliability  re- 
search and  development  and  characterization  capability 
at  Sandia. 

These  facilities  are  now  available  to  private  industry 
through  the  Microelectronics  Quality/Reliability  Cen- 
ter. Ted  Dellin,  supervisor  of  Sandia's  Reliability  Phys- 
ics Division,  says  the  MQRC  will  not  compete  with 
private  industry  because  the  center  will  provide  access 
only  to  Sandia  capabilities  not  available  elsewhere. 

"By  participating  in  a  cooperative  program  that 
seeks  solutions  to  common  problems,  U.S.  companies 
can  acquire  unique  capabilities  in  reliability  and  failure 
analysis  at  a  relatively  low  cost,"  Dellin  says.  "The 
MQRC  allows  them  to  apply  the  advanced  tools,  tech- 
niques, and  knowledge  contained  in  a  multimillion- 
dollar  facility.  They  also  gain  access  to  Sandia's  expand- 
ing knowledge  base  as  well  as  non-exclusive  licenses  to 
MQRC  products." 


"As  components  get  smaller  and  processes  become 
more  complex,  manufacturers  are  coming  closer  to  fun- 
damental reliability  limits  while  customers  are  demand- 
ing greater  reliability.  This  is  forcing  industry  to  make 
the  fundamental  shift  from  screening  out  defects  at  the 
end  of  the  line  to  building  in  quality,"  Dellin  says. 

To  help  achieve  these  defect-free  products,  Sandia 
has  state-of-the-art  characterization  testbed  and  failure- 
analysis  capabilities.  Richard  Anderson,  supervisor  of 
Sandia's  Failure  Analysis  Division,  says  this  capability 
already  has  proved  its  value  for  several  private  manu- 
facturers, on  occasion  helping  them  solve  problems  in  a 
few  hours  that  had  previously  been  undetected. 

Staff  available  to  assist 

"These  facilities  are  comparable  to  the  best  in  indus- 
try anywhere  in  the  world.  Nothing  similar  exists  at 
other  government  labs,  universities,  or  in  most  of  indus- 
try. And  the  staff,  with  practical  experience  in  produc- 
tion, is  acquainted  with  the  problems  encountered  by 
manufacturers,"  Anderson  says. 

Members  of  Sandia's  MQRC  staff,  representing  an 
array  of  disciplines,  will  be  available  as  a  team  to  advise 
companies  on  production  problems.  Dellin  and  Ander- 
son see  this  combination  of  R&D  and  experience  as 
another  strength  of  the  MQRC.  "With  manufacturing 
experience,  we  are  accustomed  to  dealing  in  the  real 
world,  but  we  also  are  unique  in  that  other  manufactur- 
ers can  consult  us  without  fears  of  competition,"  Dellin 
explains. 

Sandia's  characterization  testbed  capabilities  in- 
clude wafer  level  tests,  packaged  part  tests,  physical 
models,  statistical  models,  in-line  process  monitors,  and 
test  structures.  The  MQRC  also  has  access  to  Sandia's 
state-of-the-art  capabilities  in  radiation  effects,  non- 
volatility,  processing,  packaging,  process  control,  prod- 
uct engineering,  material  characterization,  testability, 
design,  and  basic  R&D. 

Because  much  of  Sandia  failure-analysis  work  in 
support  of  DOE  programs  has  been  on  "one-of-a-kind" 
devices,  special  benign  tools  and  techniques  have  been 
developed  to  analyze  the  failures  without  altering  the 
devices. 
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Potential  MQRC  Affiliates  include  integrated  cir- 
cuit (IC)  manufacturers,  IC  reliability  test  equipment 
vendors,  IC  users,  and  universities.  Examples  of  the  type 
of  projects  that  the  MQRC  could  address  include  inves- 
tigating the  reliability  impact  of  new  materials,  pro- 
cesses, and  equipment;  characterizing  the  statistical 
distribution  of  failures;  and  consulting  with  Labs  staff 
on  specific  reliability  problems. 

Companies  interested  in  more  information  on  the 
MQRC  Affiliates  Program  can  contact  Dellin  (505-844- 
2044)  or  Anderson  (505-844-3274).  n 


FOR  ADDITIONAL  INFORMATION 

Public  Information  Division, 

Code  3161, 

Department  of  Energy, 

Sandia  National  Laboratories, 

Albuquerque,  NM  87185-5800 

(505)  844-4207 

Refer  to  announcement  26  No.  3 
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Sandia  National  Laboratory 

Superconducting  Transistor  Shows  High  Promise  in 
Circuits 

Superconducting  transistors  made  from  the  new  high-temperature  superconducting  materials 
have  been  developed  and  used  in  functioning  electronic  circuits.   Some  of  the  circuits  exhibit 
conventional  electronic  properties,  while  others  are  unique. 

The  superconducting  transistor  -  developed  through  the  cooperation  of  scientists  and  engineers  at 
Sandia  National  Laboratories  and  the  University  of  Wisconsin,  Madison  -  has  now  been  used  to 
create  whole  a  new  family  of  electronics  which  has  the  potential  for  integration  with  existing 
semiconductor  and  low-temperature  superconductor  electronics. 

Electronics  based  on  high-temperature  superconducting  materials  hold  promise  for  higher  speeds, 
reduced  noise,  low  electrical  loss,  and  high  efficiency  for  a  variety  of  applications  in  electronic 
communications  and  signal  processing. 

The  transistor  has  been  named  the  Superconducting  Flux  Flow  Transistor  (SFFT).   Sandia  scientists 
say  it  is  the  superconducting  analogue  to  the  field  effect  transistor  (FET),  the  workhorse 
semiconductor  transistor  in  common  use  worldwide. 

The  SFFT  is  the  first  transistor  made  entirely  from  the  new  high-temperature  superconducting 
materials.    A  transistor  is  an  "active  device"  -  one  that  can  produce  power  gain  by,  for  example, 
controlling  current  in  a  circuit  with  voltage  applied  to  a  separate  electrode.    ("Passive"  devices  - 
inductors  and  some  microwave  components  such  as  filters  and  delay  lines  -  have  recently  been  made 
elsewhere  from  the  new  materials  and  are  the  first  commercially  available  high-temperature 
superconducting  microelectronics.)    The  circuits  can  operate  above  77  K  (kelvin),  the  temperature 
of  liquid  nitrogen,  a  widely  available  and  inexpensive  coolant. 

The  SFFT  consists  of  parallel  weak  superconducting  links  about  10  micrometers  long  (about  a  tenth 
the  thickness  of  a  sheet  of  paper)  separating  two  pieces  of  superconductor,  and  a  control  line  to 
provide  a  local  magnetic  field.   Whereas  in  an  FET  an  output  current  is  controlled  by  changing  an 
input  voltage,  in  the  SFFT  output  voltage  is  controlled  by  changing  input  current.    This  current  in 
the  control  line  (acting  like  a  gate),  alters  the  magnetic  fields  in  the  active  region  of  the  device. 
These  changes  in  field  modulate  the  output  voltage  and  hence  can  provide  gain  at  very  high 
frequencies  (microwaves). 

Paul  Peercy,  manager  of  Sandia's  Compound  Semiconductor  and  Device  Research  Department,  says 
the  SFFT  and  associated  circuitry  now  being  developed  have  outstanding  promise.  "We  have 
demonstrated  a  set  of  circuits  based  on  the  SFFT  that  allows  us  to  do  a  wide  variety  of  signal 
processing  directly  with  high  Tc  integrated  circuits  without  the  need  for  external  circuitry  of 
any  kind." 

A  team  effort  comprised  of  several  different  activities  was  required  to  develop  the  superconducting 
electronics.     Thin-film  thallium-based  high-temperature  superconductors  were  optimized  by 
David  Ginley,  Eugene  Venturini,  and  Chris  Tigges,  and  processing  was  developed  by  Thomas 
Zipperian,  all  of  Sandia.  The  SFFT  was  developed  by  Jon  Martens,  now  at  Sandia,  and  James  Beyer, 
James  Nordman,  and  Gert  Hohenwarter  of  the  University  of  Wisconsin.   The  microwave  components 
were  developed  by  Martens  and  Vincent  Hietala  at  Sandia. 
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"We  have  taken  the  device  and  coupled  it  with  passive  microwave  components  to  make  real  circuits     ^ 
that  have  exciting  properties,"  says  Ginley,  supervisor  of  Sandia's  Semiconductor  Materials  W 

Division  and  a  key  researcher  on  the  collaborative  team. 

The  circuits  made  so  far  based  on  the  transistor  include  amplifiers,  oscillators,  phase  shifters,  and 
mixers  -  essential  components  of  electronic  communications  and  signal  processing  technology. 
Microwave  and  millimeter-wave  circuitry  are  among  the  most  promising  applications. 

The  Sandia  team  has  built  microwave  amplifiers  with  the  SFFT  that  show  significant  gain  -  more 
power  out  than  power  in  -  specifically,  a  gain  of  10  decibels  at  4  gigahertz  (billions  of  cycles  per 
second).  And  the  SFFT  has  been  used  to  make  mixers,  which  mix  two  frequencies  together  to 
produce  a  different  output  frequency,  that  operate  up  to  35  gigahertz. 

The  best  results  have  come  with  SFFT's  made  from  thin  films  of  the  thallium-based  family  of  high- 
temperature   superconducting   materials   (thallium-calcium-barium-copper-oxygen),   which   lose 
all  electrical  resistance  at  temperatures  up  to  125  kelvin.    Sandia  made  the  first  thallium-based 
superconducting  thin  films  with  high  critical  current,  reported  in  April  1988.     Thallium-based 
films  that  have  high  critical  currents  can  be  readily  processed  to  make  devices. 

Very  recently,  in  a  collaboration  with  Julia  Phillips  of  AT&T  Bell  Laboratories,  the  same  devices  . 
have  been  fabricated  in  the  yttrium-based  system,  the  most  widely  studied  of  the  new  high- 
temperature  superconducting  materials. 

The  SFFT  can  serve  as  an  interface  between  conventional,  low-temperature  superconducting 
electronics,  which  usually  operate  at  liquid-helium  temperatures  of  4  kelvin,  and  semiconductor 
electronics.    Low-temperature  superconducting  electronics  rely  on  Josephson  junctions.    These 
devices  operate  at  ultra  high  speeds,  but  their  properties  (low  output  resistance  and  small  | 

voltages)  make  it  difficult  to  link  them  directly  with  semiconductor  electronics. 

The  SFFT,  however,  has  resistances  that  are  low  at  its  input  and  reasonably  high  at  its  output, 
enabling  the  transistor  to  serve  as  an  active  link  or  converter  between  the  two.    Sandia  has  carried 
out  experiments  in  which  a  Josephson  junction  drives  the  input  of  an  SFFT  and  the  SFFT  drives  the 
gate  of  a  field-effect  transistor  (FET,  specifically  a  MESFET).    "The  SFFT  is  an  excellent  interface 
device,"  says  Martens. 

"The  device  has  gain  and  a  whole  variety  of  other  interesting  properties,"  says  Martens.    "Now 
we're  working  to  develop  a  technology  around  the  transistor  that  includes  passive  and  active 
components.   We  are  developing  a  whole  family  of  applications." 

FOR  ADDITIONAL  INFORMATION:   Public  Information  Division,  Code  3161,  Department  of  Energy, 
Sandia  National  Laboratories,  Albuquerque,  NM  87185-5800;  (505)844-4207.     Refer  to 
announcement  26  No.  1. 
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Active  Compliance  and  Damping  in  Telemanipulator  Control 

Variable  simulated  springs  and  sliocl<  absorbers  soften  collisions  and  increase  dexterity. 


An  experimental  telemanipulator  system 
of  the  force-reflecting-hand-controller  type 
provides  for  active  compliance  and  damp- 
ing in  the  remote,  robotic  manipulator  hand. 
Active  compliance  can  help  to  soften  col- 
lisions between  the  manipulator  and  ob- 
jects. The  compliance  parameters  can  be 
adjusted  to  suit  the  task  at  hand.  In  addi- 
tion, active  compliance  becomes  essen- 
tial to  successful  telemanipulator  control 
when  the  communication  delay  between 
the  master-control  and  remote-manipulator 
stations  exceeds  1  s. 

In  a  typical  current  industrial  force-re- 
flecting telemanipulator,  the  force  of  con- 
tact between  the  robot  hand  and  an  ob- 
ject is,  strictly  speaking,  neither  sensed  nor 
controlled.  Instead,  the  remote  manipulator 
is  activated  according  to  hand  position 
commands,  while  the  contact  force  fed 
back  through  the  hand  controller  to  the 
human  operator  is  made  to  increase  with 
the  feedback  signal  that  indicates  the  er- 
ror between  the  actual  and  the  command- 
ed position  of  the  manipulator.  In  such  a 
system,  the  manipulator  hand  is  prone  to 
hard  bumps  against  objects,  and  small  er- 
rors in  the  execution  of  position  commands 
can  give  rise  to  undesired  large  contact 
forces  and  torques.  Such  errors,  forces, 
and  torques  increase  with  the  communica- 
tion delay;  in  practice,  they  render  conven- 
tional (noncompliant)  force-reflecting  hand 
control  unusable  at  delays  greater  than 
about  1  s. 

In  the  experimental  telemanipulator  sys- 
tem (see  Figure  1),  the  control  task  is  shared 
by  subsystems  in  both  the  control  station 
and  the  remote-manipulator  station.  The 
robot  hand  is  equipped  with  force  and  torque 
sensors.  A  control  subsystem  at  the  re- 
mote-manipulator station  implements  ac- 
tive compliance  —  in  effect,  it  simulates 
springs  and  shock  absorbers  —  by  low- 
pass  filtering  the  outputs  of  the  force  and 
torque  sensors  and  using  these  signals  to 
alter  the  position  commands  (see  Figure 
2).  The  active-compliance  feature  is  semi- 
autonomous,  in  that  it  resides  in  the  remote- 
manipulator  station  but  can  be  programmed 
from  time  to  time  by  commands  from  the 
human  operator  at  the  master  control  sta- 
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Figure  1 .  The  Experimental  Telemanipulator  System  is  a  distrlbuted-computing  and  -control 
system  for  research  in  various  combinations  of  force-reflecting  and  active-compliance  control 
regimes. 


Figure  2.  Shared 
Compliance 
Control  is  imple- 
mented by  low- 
pass-filtered 
force/torque 
feedback. 


tion.  From  a  software  menu,  the  operator 
can  select  the  force-feedback  gains  and 
the  damping  time  constants  of  the  hybrid 
position/force-feedback  subsystem  to  ob- 
tain the  desired  spring  stiffness  (or  its  re- 
ciprocal, compliance)  and  damping. 

The  experimental  telemanipulator  sys- 
tem provides  for  various  combinations  of 
conventional  force-reflecting  hand  control 
and/or  active  compliance.  It  accommo- 
dates a  spectrum  of  operations  that  range 
from  full  manual  through  shared  manual 
and  automatic  (in  the  sense  of  remote  au- 
tonomous) to  full  automatic  control.  Shared 
manual  and  automatic  control  is  imple- 
mented by  freezing  the  output  of  the  master 
controller  in  some  task-space  coordinates 
that  are  selectable  by  the  operator  from 
a  menu.  Motion  about  the  set  point  in  the 
frozen  task-space  coordinates  can  then  be 
controlled  by  a  Computer  algorithm  that 
can  be  referenced  to  force-,  moment-,  or 
proximity-sensor  information. 

Control  by  active  compliance  alone  (that 
is,  without  force  reflection),  can  be  extreme- 
ly useful  when  the  communication  delay  is 
long.  This  was  demonstrated  by  using  the 
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experimental  telemanipulator  system  to  in- 
sert a  peg  in  a  hole.  The  task  proved  im- 
possible without  active  compliance  when 
the  delay  exceeded  0.5  s.  With  active  com- 
pliance but  no  delay  it  took  almost  a 
minute.  With  a  delay  of  4  s,  it  took  3  min. 
With  a  delay  of  8  s,  it  took  7  min. 

This  work  was  done  by  Won  S.  Kim, 
Antai  K.  Bejczy,  and  Blal<e  l-lannaford  of 
Caltech  for  NASA's  Jet  Propulsion 
Laboratory. 

This  invention  is  owned  by  NASA,  and 
a  patent  application  has  been  filed. 
Inquiries  concerning  nonexclusive  or 
exclusive  license  for  its  commercial 
development  should  be  addressed  to  the 
Patent  Counsel,  NASA's  Resident  Office- 
JPL.  Refer  to  NP0-17969/TN. 
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Technology  Utilization 
Officer  Gordon  S. 
Ctiapman 
Mail  Stop  180-801 
4800  Oak  Grove  Drive 
Pasadena.  CA  91109 
(818)  354-4849 


Patent  Counsel 
Paul  F.  McCaul 
Mail  Code  180-801 
4800  Oak  Grove  Drive 
Pasadena.  CA  91109 
(818)  354-2734 
Technology  Utilization 
Mgr.  for  JPL  Norman 
L  Chalfin 
Mail  Stop  156-211 
4800  Oak  Grove  Drive 
Pasadena,  CA  91109 
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Accounting  for  Nonlinearity  in  a  IVIicrowave  Radiometer 

Temperature  is  assumed  to  vary  quadratically  with  the  reading. 


A  simple  mathematical  technique  has  been  found  to 
account  adequately  for  the  nonlinear  component  of  the  re- 
sponse of  a  microwave  radiometer.  The  underlying  math- 
ematical concept  is  not  limited  to  this  radiometric  application; 
it  is  applicable  to  other  measuring  systems  in  which  the  re- 
lationships between  the  quantities  to  be 
determined  and  the  readings  of  the  instru- 
ments differ  slightly  from  linearity. 

The  nominal  linear  relationship  between 
the  microwave  temperature  7 (which  is  the 
quantity  to  be  determined)  and  the  reading 
R  of  the  radiometer  is  F  =  A+BR,  where 
A  and  B  are  calibration  constants  that  can 
be  determined  by  taking  readings  of  cali- 
bration sources  at  two  known  tempera- 
tures. To  account  for  the  slight  nonlineari- 
ty that  is  encountered  in  practice,  it  is 
assumed  that  the  temperature  varies  quad- 
ratically with  the  reading: 

T  =  A  +  BR+CR^ 

Here,  A  and  B  have  values  slightly  different 
from  the  values  that  they  would  have  if  the 
linear  equation  were  used,  and  C  is  a  new 
calibration  constant  that  must  be  obtained 
from  additional  readings. 

The  following  five-reading  calibrating- 
and-temperature-measuring  procedure 
based  on  the  quadratic  equation  enables 
one  to  determine  A,  B,  C,  the  temperature 
Tg  of  the  body  under  observation,  and  the 


temperature  T^  of  a  diode  noise  source  in 
the  radiometer  (see  figure): 
1.  With  the  noise  diode  turned  off,  obtain 
reading  R.  by  using  the  radiometer  to 


Ri        R2  R3 
Reading,  R,  of 


R4R5 
Radiometer 


measure  the  temperature  of  a  calibration 
source  at  known  temperature  T^. 

2.  With  the  noise  diode  off,  aim  the  radiome- 
ter at  the  body  under  observation,  obtain- 
ing reading  flg  for  unknown  temperature 
T,. 

3.  Turn  the  noise  diode  on  and  again  aim 
the  radiometer  at  the  body  under  observa- 
tion, this  time  obtaining  reading  R^  for 
unknown  temperature  Tg  =  Tg-t-Tn- 

4.  Turn  the  noise  diode  off  and  obtain  read- 
ing R^  from  a  second  calibration  source 
at  known  temperature  T^. 

5.  Still  using  the  second  calibration  source, 
turn  the  noise  diode  on  and  obtain  reading 


Re  at  temperature  Tc 


h+T,. 


The  solution  of  the  quadratic  equations 
for  the  five  readings  yields  the  following 
equations  for  the  desired  quantities: 


Five  Prescribed  Temperatures 
Are  Measured  to  obtain  the  qua- 
dratic calibration  curve  for  a  radi- 
ometer. Two  of  the  temperatures 
(7,  and  TJ  are  those  that  would 
normally  be  used  to  obtain  the 
less-accurate  linear  calibration 
curve.  One  of  the  temperatures 
(T^)  is  the  unknown  that  one 
seeks  to  measure.  T^anti  T^rep- 
resent  measurements  of  T,and 
r,,  respectively,  with  added  in- 
put from  a  noise  diode  at  un- 
known temperature  T . 
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This  work 

was  done  by  Charles  T. 

Stelzried  of 

Caltech   for  NASA's  Jet 
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Liquid-Crystal  Light  Valve  Enhances  Edges  in  Images 

A  real-time  edge-enhancement  technique  can  increase  the  discrimination  between  similar  objects. 


Experiments  have  shown  that  a  liquid- 
crystal  light  valve  (LCLV)  exhibits  an  operat- 
ing mode  in  which  it  enhances  edges  in 
images  projected  on  it.  The  enhancement 
of  edges  is  one  of  the  most  important  pre- 
processing steps  in  optical  pattern-recogni- 
tion systems.  The  LCLV  can  be  incorpo- 
rated into  an  image-processing  system  to 
enhance  edges  without  introducing  exces- 
sive optical  noise,  as  optical  Fourier-trans- 
form high-pass-spatial-filtering  techniques 
tend  to  do. 

in  the  LCLV  (see  Figure  1),  a  thin  layer 
of  nematic  liquid  crystal  is  sandwiched  be- 
tween two  transparent  electrodes.  Basical- 
ly the  LCLV  is  said  to  be  a  longitudinal 
spatial  light  modulator  (SLM)  in  the  sense 
that  in  normal  operation  (at  a  bias  f  requen- 
cy  of  10  kHz  and  a  bias  voltage  of  lOVrms), 
the  liquid-crystal  molecules  are  oriented 
parallel  to  the  surfaces  of  the  parallel  elec- 
trodes. The  surfaces  of  the  electrodes  are 
treated  in  such  a  way  that,  when  no  elec- 
tric field  is  applied,  the  liquid-crystal  mole- 
cules are  twisted  continuously  by  90°  in 
going  from  one  electrode  to  the  other.  In 
such  a  longitudinal  device,  the  readout  light 
is  proportional  to  the  writing  light.  This  is 
suitable  for  continuous-tone  spatial  light 
modulation. 

As  the  frequency  of  the  bias  voltage  is 
decreased  from  10  kHz,  the  molecules  start 
to  align  themselves  along  the  direction  of 
the  applied  electric  field.  Thus,  the  LCLV 
is  gradually  converted  from  a  longitudinal 
SLM  to  a  transverse  SLM. 

Prior  to  the  experiments,  it  was  known 
that  a  two-dimensional  longitudinal  SLM  is 
sensitive  to  the  longitudinal  electro-optic 
field  component  E^(x,y)  (the  component 
perpendicular  to  the  surfaces  of  the  elec- 
trodes). In  a  transverse  SLM,  the  electro- 
optical  response  is  sensitive  to  the  field 
components  E^{x,y)  and  E^x,y)  (parallel  to 
the  surfaces  of  the  electrodes).  Thus,  when 
the  LCLV  is  operated  normally  in  the  longi- 
tudinal configuration,  the  readout  image  in- 
tensity is  proportional  to  the  writing  image 
intensity,  but  when  it  is  operated  in  the  trans- 
verse configuration,  the  readout  light  inten- 
sity becomes  proportional  to  the  spatial  gra- 
dient of  the  input  light  intensity  Thus,  the 
investigators  theorized  that  real-time  spatial 
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Figure  1  The  Liquid-Crystal  Light 

Valve  can  be  made  to  operate  m  an 
edge-enhancing  mode  (or  in  a 
combination  of  edge-enhancing 
and  normal  modes)  by  suitably  ad- 
justing the  bias  voltage  and  fre- 
quency. 


Figure  2.  The  Edges  Are  En- 
hanced in  this  output  image  of  an 
Air  Force  resolution  chart  proc- 
essed through  an  apparatus  like 
that  of  Figure  1 . 
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differentiation  or  enhancement  of  edges 
can  be  achieved  by  decreasing  the  bias 
frequency  to  obtain  the  transverse  con- 
figuration. 

In  one  of  the  experiments,  an  Air  Force 
resolution  chart  was  illuminated  by  a 
514.5-nm  argon  laser  beam.  When  the  bias 
frequency  was  lowered  to  2  kHz,  edge  en- 
hancement started  to  appear.  This  effect 


was  optimized  at  a  bias  frequency  of  500 
Hz.  A  sharp,  binary-looking  edge-enhanced 
resolution  chart  was  obtained  as  the  bias 
voltage  was  reduced  from  10  Vrms  to  about 
6  Vrms  and  the  LCLV  was  rotated  counter- 
clockwise by  30°  (see  Figure  2).  Other  ex- 
periments have  shown  that  the  use  of  the 
LCLV  as  an  edge-enhancing  preprocessor 
can  increase  the  autocorrelation  signal  (be- 
tween identical  images)  and  decrease  the 


cross-correlation  signal  (between  similar 
but  different  images)  in  an  optical  correla- 
tor; that  is,  it  can  increase  the  ability  of  the 
correlator  to  distinguish  between  or  recog- 
nize different  patterns. 

This  work  was  done  tyy  Tien-Hsin  Chao 
and  Hua-Kuang  Liu  of  Caltecli  for  NASA's 
Jet  Propulsion  Laboratory. 
NPO-17768/TN 
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Improved  Notch  Filter  for  Synchronous-Response  Control 

A  tracking  differential  notch  filter  has  both  good  synchronous- 
response  perfornnance  and  vastly  improved  stability. 


The  use  of  magnetic  bearings  to  sup- 
port rotating  elennents  without  contact  has 
received  increased  attention  during  the 
last  10  years,  primarily  because  of  improve- 
ments in  magnetic  materials  and  advances 
in  low/-cost,  reliable,  power  and  control  elec- 
tronics. Magnetic  bearings  offer  advantages 
of  frictionless  support,  long  life,  and  high 
rotational  speeds.  They  are  also  being  used 
to  achieve  better  rotordynamic  behavior 
than  is  possible  with  conventional  bear- 
ings. One  such  application  is  the  control 
of  the  synchronous  vibrations  caused  by 
unbalanced  rotors. 

One  of  the  most  common  ways  to  re- 
duce the  response  to  mass  unbalance  is 
to  add  a  notch  filter  at  the  synchronous 
frequency  (rotational  speed)  into  the  feed- 
back loop.  The  notch  frequency  of  this  filter 
tracks  the  synchronous  frequency.  The 
tracking  notch  filter  eliminates,  from  the 
control  loop,  all  signals  at  the  synchronous 
frequency.  In  so  doing,  it  removes  the  syn- 
chronous measurement  error  Unfortunate- 
ly, it  also  eliminates  desirable  synchronous 
control  signals,  thereby  giving  rise  to  in- 
stability, which  limits  the  usefulness  of  this 
approach.  Therefore,  a  tracking  differential- 
notch  filter  (TDNF)  has  been  developed  to 
retain  the  good  synchronous-response 
performance  of  the  notch  filter  but  with 
vastly  improved  stability  properties. 
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The  Measurement  Error  Is  Perfectly  Filtered 

compensator. 

In  the  TDNF  (see  figure),  the  desirable 
control  signal  is  reinjected  into  the  feed- 
back control  loop.  The  tracking  notch  filter 
is  implemented  in  a  special  way  The  signal 
that  represents  the  measured  position  of 
the  center  of  mass  of  the  rotor  is  notch- 
filtered  by  subtracting,  from  the  signal,  a 
synchronous  tracking-band-pass-filtered 
version  of  itself.  The  effect  is  that  of  a  syn- 
chronous tracking  notch  filter  Therefore, 
the  measurement  error  is  perfectly  filtered 
from  the  feedback  signal  used  to  drive  the 
compensator  The  output  of  the  compen- 
sator, which  is  simple  lead/lag,  is  used  to 
produce  the  input  force  that  drives  the 


from  the  feedback  signal  used  to  drive  the 

plant.  A  relatively  simple  implementation 
includes  mainly  circuit-chip-level  subcom- 
ponents and  a  low-bandwidth  digital  sec- 
tion. The  TDNF  has  been  shown  to  pro- 
vide the  good  stability  of  a  simple  lead/lag 
compensator  combined  with  the  good  syn- 
chronous-response performance  gained 
by  the  addition  of  a  notch  filter 

This  \Aork  was  done  by  Bruce  G.  Johnson, 
James  R.  Downer,  David  B.  Eisenhaure. 
Richard  l-iockney.  and  Kathleen  Misovec 
of  SatCon  Technology  Corp.  for  Langley 
Research  Center 
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Navy  Improves  Scanning  Electron  Microscopy 


Scientists  at  the  Naval  Ocean 
Systems  Center  (NOSC),  San 
Diego,  California,  have  developed 
a  process  and  apparatus  for  early 
detection  of  flaws  during 
semiconductor,  microelectronics 
fabrication.  It  is  a  noncontact, 
nondestructive  test  method  for 
evaluating  electronic  properties  of 
semiconductor  materials. 

The  process  deals  with  a  new 
imaging  method  based  on  scanning 
electron  microscopy  wherein  time- 
modulated  light  is  used  to  induce 
photovoltages  on  a  semiconductor 
sample,  and  the  photovoltages  are 
detected  by  energy  analysis  of  the 


secondary  electrons  emitted  by  the 
effect  of  the  primary  electron 
beam.  Early  detection  of  flaws  and 
failure  analysis  will  yield  large 
economic  savings  in  the  production 
of  electronic  integrated  circuits. 


For  Additional  Information: 

Backup  material  on  this  effort  is  available  from: 

Navy  Domestic  Technology  Fact  Sheet  Reader  Reply  Service 

CodeE211 

Naval  Surface  Weapons  Center 

Dahlgren,  VA  22448-5000 

(703)  663-8921 

Refer  to  151205/TN 
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Twin-Mirrored-Galvanometer  Laser-Light-Sheet  Generator 

Multiple,  rotating  laser-light  sheets  are  generated  to  illunninate  flows  in  wind  tunnels. 


Light  sheets  generated  with  either  laser 
or  noncoherent  light  sources  have  found 
many  applications  in  the  visualization  of 
flows.  However,  previous  systems  were 
usually  dedicated  to  specific  viewing  ge- 
ometries. A  new  system  was  designed  and 
developed  to  provide  flexibility  and  adapta- 
bility to  a  wide  range  of  applications.  The 
design  includes  the  capability  to  control 
the  size  and  location  of  the  laser-light  sheet 
in  real  time,  to  generate  horizontal  or  ver- 
tical sheets,  to  sweep  the  sheet  repeatedly 
through  a  volume,  to  generate  multiple 
sheets  with  controllable  separation,  and 
to  rotate  single  or  multiple  laser-light  sheets. 

The  galvanometer-mirror-based  laser- 
light-sheet  system  (see  figure)  was  devel- 
oped for  use  in  the  Basic  Aerodynamics 
Research  Tunnel  (BART)  at  NASA  Langley 
Research  Center.  The  system  generates 
and  positions  single  or  multiple  light  sheets 
over  aeronautical  research  models  being 
tested  in  the  low-speed  tunnel. 

The  laser-light-sheet  system  is  evolving. 
Initially,  the  system  was  configured  to  gen- 
erate single  horizontal  or  vertical  laser-light 
sheets.  The  capability  to  generate  multi- 
ple laser-light  sheets  or  sweep  the  posi- 
tion of  a  single  sheet  was  added  next.  The 
capability  to  rotate  a  single  laser-light  sheet 
by  use  of  a  sine/cosine  potentiometer  was 
then  added.  The  capability  to  rotate  multi- 
ple laser-light  sheets  was  added  by  incor- 
porating a  rotation  output  in  the  multiple- 
sheet  generator.  The  latest  addition  is  a 
Bragg  cell  to  remove  spurious  lines  be- 
tween the  sheets. 

The  addition  of  each  new  capability  was 
accomplished  without  compromising  ex- 
isting capabilities.  The  system  is  capable 
of  producing  up  to  12  sheets  of  laser  light 
at  an  angular  divergence  of  ±20°  The 
maximum  rate  of  scanning  for  any  line  is 


Light-Sheet 
Rotator 


The  Light-Sheet  System  Includes  electronic  equipment  and  a  laser  mounted  on  an 
adjustable-height  platform.  The  twin-mirrored  galvanometer  unit  is  supported  by  a  tripod 
to  reduce  vibration. 


approximately  500  Hz.  The  rate  of  scan- 
ning of  the  generated  line  along  the  or- 
thogonal axis  is  also  controlled.  The  time- 
averaged  line  can  be  rotated  to  any  desired 
degree. 

When  this  system  is  used  to  illuminate 
smoke  entrained  in  the  flow  over  a  delta- 
wing  model,  it  reveals  the  vortical  flow  pro- 
duced by  the  separation  of  the  flow  at  the 
leading  edge  of  the  model.  The  light-sheet 
system  has  proved  to  be  very  adaptable 
and  easy  to  use  in  sizing  and  positioning 
light  sheets  in  wind-tunnel  applications. 
Other  possible  applications  include  use  in 
the  construction  industry  to  align  beams 
ot  a  building.  Artistic  or  display  applications 


are  also  possible. 

This  work  was  done  by  David  B. 
Rliodes,  John  M.  Franke.  Stephen  B. 
Jones,  and  Bradley  D.  Leighty  of  Langley 
Research  Center.  Further  information 
may  be  found  in  NASA  TM-100587  [N88- 
25901],  'A  Twin-Mirrored  Galvanometer 
Laser  Light  Sheet  Generator." 

Copies  may  be  purchased  [prepayment 
required]  from  the  National  Technical  In- 
formation Service,  Springfield,  Virginia 
22161,  Telephone  No  (703)487-4650.  Rush 
orders  may  be  placed  for  an  extra  fee  by 
calling  (800)  336-4700. 
LAR-14248/TN 
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0    Technology  Application 


Argonne  National  Laboratory 


A  Kinder,  Gentler  Diesel  Engine 


The  characteristic  black  and  smelly  ex- 
haust of  a  running  diesel  may  be  a 
thing  of  the  past  with  Argonne's  new 
system  for  diesel  engines. 

Scientists  at  Argonne  National 
Laboratory  are  testing  a  system  for 
diesel  engines  that  both  deems  the  ex- 
haust and  doubles  f)ower. 

The  key  to  the  system  is  a  method  of 
providing  oxygen-rich  air  to  the 
engine's  intake  manifold.  A  hollow 
fiber  semipermeable  membrane  takes 
advantage  of  the  slight  difference  in 
the  molecular  weight  between  oxygen 
and  nitrogen  to  separate  the  two  gases. 
Use  of  this  membrane  and  a  compres- 
sor increases  the  oxygen  content  of  the 
engine's  air  intake  from  the  normal  21 
percent  foimd  in  the  atmosphere  to  35 
percent. 

"This  increase,"  says  Argonne's  Raj 
Sekar,  "is  enough  to  allow  the  engine 
to  completely  burn  a  low-grade  diesel 
fuel.  While  most  exhaust  emissions 
are  reduced  to  nearly  zero,  oxides  of 
nitrogen  do  go  up." 

"Still,"  he  adds,  "even  these  can  be 
reduced  by  retarding  the  timing  of  fuel 
injection  and  using  water-emulsified 
fuel.  The  characteristic  black  exhaust 
of  a  running  diesel  becomes  clear 
when  the  oxygen  enrichment  system  is 
used." 


While  the  air  separation  properties  of 
the  semipermeable  membrane  have 
been  known  for  severad  years  and 
tested  previously,  Sekar  says,  its  ap- 
plication to  diesel  engines  is  new.  Ar- 
gonne is  currently  researching  the  ap>- 
plication  of  this  system  to  stationary 
diesels  in  industrial  appUcations. 
However,  Sekar  adds,  there  is  no  fun- 
damenteil  reason  why  the  concept  can- 
not be  applied  to  vehicles. 

Sekar  and  fellow  researcher  Tom  Mar- 
ciniak  note  that  similar  effects  have 
been  produced  with  turbochargers— 
mechanicfd  pumps  for  delivering  large 
volumes  of  air  to  an  engine—but  say 
that  these  have  already  reached  their 
upper  limits  for  diesels.  One  of  the 
problems  with  turbochargers,  Sekar 
points  out,  is  that  their  use  increases 
the  cylinder  pressure  in  a  diesel  en- 
gine, which  is  already  high  to  start 
with,  stressing  valves  and  pistons,  and 
causing  frequent  breakdowns. 
Another  problem  is  that  turbochargers 
are  ineffective  in  controlling  the  par- 
ticulate matter  in  the  exhaust,  while 
the  oxygen  enrichment  system 
developed  at  Argonne  decreases  the 
particulates. 

For  more  information  on  the  oxygen 
enrichment  systems,  contact  Raj  Sekar 
at  (708)  972-5101. 
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Coating  Solar  Cells  by  Microwave  Plasma  Deposition 

Semiconductor  wafers  can  be  processed  at  temperatures  low  enough  not  to  harm  them. 


Antireflection  films  can  be  deposited  on 
silicon  solar  cells  at  high  production  rates 
with  microwave-enhanced  plasma  deposi- 
tion. Microwave  energy  at  a  frequency  of 
2.45  GHz  generates  a  plasma  in  a  mixture 
of  gases,  from  which  a  thin  film  of  silicon 
nitride  deposits  on  silicon  substrates.  The 
reaction  temperature  is  relatively  low  (only 
250  °C),  and  the  film  deposition  rate  is 
more  than  500  A/min  —  2  to  5  times  faster 
than  in  a  plasma  without  microwave  en- 
hancement. The  quality  of  the  antireflection 
film  is  similar  to  that  produced  by  chemical- 
vapor  deposition. 

The  deposition  is  carried  out  in  a  quartz 
chamber  (see  figure).  The  neck  of  the 
chamber  is  positioned  in  a  rectangular  mi- 
crowave cavity  resonator  at  a  point  where 
the  electric  field  is  high.  Microwave  power 
is  guided  by  a  rectangular  waveguide  into 
the  cavity.  Argon  flows  into  the  reactor 
while  silane  and  ammonia  or  nitrogen  flow 
over  the  silicon  substrate  in  the  flared  por- 
tion of  the  chamber  The  application  of  the 
microwave  field  to  the  argon  gas  at  low 
pressure  forms  a  high-density  excited- 
state  plasma  that  rapidly  dissociates  the 
other  gases  to  form  a  dense  silicon  nitride 
film  on  the  silicon  substrate. 

The  substrate  rests  on  a  movable,  heat- 
ed holder  This  allows  the  temperature  of 
the  substrate  and  its  position  in  the  cham- 
ber to  be  adjusted  for  maximum  speed  and 
uniformity  of  deposition.  A  mechanical 
pump  continuously  removes  the  used  re- 


actants  from  the  chamber 

When  microwaves  rather  than  the  usual 
13.56-MHz  radio-frequency  waves  are 
used  to  create  the  plasma,  the  field  in  the 
cavity  oscillates  so  rapidly  that  the  forces 
on  the  free  electrons  change  direction  be- 
fore they  can  travel  very  far  Therefore,  the 
plasma  is  not  swept  to  the  walls  of  the  reac- 
tor In  comparison  with  lower-frequency 
plasma  systems,  the  microwave  system 
uses  less  power  and  consumes  smaller 
quantities  of  gas.  In  addition,  the  species 

Gases  In 
. X 


Mechanical 

Vacuum 

Pump 


Sieve 
Trap 


Substrate  , 
Table 


■  Waveguide 


Heating 
Strip 


formed  in  the  plasma  are  longer  lived  and 
can  thus  dissociate  the  reactants  in  a  re- 
gion of  the  chamber  well  away  from  the 
plasma-generation  region.  Deposition  can 
thus  be  done  under  the  most  favorable 
conditions. 

This    work   was   done   by   Behrooz 
Minaee,  Sanjeev  R.  Chitre,  and  Narges 
Zahedi  of  Superwave  Technology  Inc.,  for 
NASA's  Jet  Propulsion  Laboratory. 
NPO-nOSSfTN 


A  Magnetron  pro- 
duces 2.45-GHz  mi- 
crowaves at  a  power 
ofl  kW.Pirani  gauges 
measure  the  pressure 
in  the  deposition 
chamber  while  a  me- 
chanical  vacuum 
pump  removes  spent 
gases.  The  properties 
and  growth  rate  of  the 
film  depositing  on  the 
substrate  depend 
critically  on  the  mix  of 
reactive  neutral  and 
ionic  species  in  the 
plasma.  Results  are 
best  with  a  highly  ac- 
tivated plasma  and 
moderate  bombard- 
ment energies. 


Gases  In 
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Higher-Performance  Ambient-Temperature  Heat  Pipe 

A  porous  wick  is  added  to  the  liquid  channel. 


The  heat  pipe  shown  in  the  figure  is  an 
improved  version  of  the  heat  pipe  descritDed 
in  "High-Performance  Ambient-Tempera- 
ture Heat  Pipe"  (MFS-26062),  NASA  Tech 
Briefs  Vol.  12,  No.  10,  page  43.  The  heat 
pipe  is  3  m  long  and  made  of  aluminum.  It 
differs  from  the  previous  heat  pipe  in  that  a 
lining  of  sintered  aluminum  powder  has 
been  added  to  the  liquid  channel.  Jhe  new, 
porous  lining  results  in  improved  thermal 
performance. 

This  work  was  done  by  Donald  M.  Ernst, 
Robert  M.  Shaubacl<  and  Nelson  J.  Gernert 
of  Thermacore,  Inc.,  for  Johnson  Space 
Center.  No  further  documentation  is 
available. 

In  accordance  with  Public  Law  96-517, 
the  contractor  has  elected  to  retain  title  to 


The  New  Design  is  simi- 
lar to  the  previous  design 
except  that  a  porous  lin- 
ing of  sintered  aluminum 
has  been  added  to  the 
liquid  channel. 


this  invention.  Inquiries  concerning  rights 
for  its  commercial  use  should  be  ad- 
dressed to 

Nelson  J.  Gernert 

Thermacore,  Inc. 

780  Eden  Road 

Lancaster,  PA  17601 
Refer  to  MSC-21515/TN. 
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Edward  K.  Fein 
Mail  Code  AL3 
Houston.  TX  77058 
(713)483-4871 


FOR  ADDITIONAL  INFORMATION:  Contact:  Director,  Technology  Transfer  Division,  P.O.  Box  8757, 
BWI  Airport,  MD  21240;  (301)  621-0100  Ext.  241 

REFER  TO  THE  NUMBER  LISTED  AT  THE  END  OF  THIS  ARTICLE 


644 


( 


Engineering 


0645  New  Flammability  Test  for  Conveyor  Belting 

0646  Pneumatic  Wall-locking  Geophone  Systenn 

0647  Antislosh  Baffle  Compartment  Assembly  Developed 

0648  Analysis  of  Turbvlence  in  a  Simple  Shiear  Flow — Reynolds  stresses  and 
time-average  velocity  are  found  via  the  principle  of  stabilization. 

0649  Calculating  Viscous/I nviscid  Interactions — Some  experiences  in  the 
numerical  simulation  of  compressible  flow  are  described. 

0650  Conjugate  Gradient  Algorithms  for  Manipulator  Simulation — The 
applicability  of  conjugate-gradient  algorithms  for  robot  manipulator 
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New  Technology  from  the 
U.S.  Bureau  of  Mines 

0  U.S.  Department  of  the  Interior 


New  Flammability  Test  for  Conveyor  Belting 


Objective 

Minimize  the  risk  of  conveyor  belt  fires  in  underground 
coal  mines  by  improving  the  accuracy  of  and  means  by 
which  flammability  data  are  acquired. 

Approach 

Develop  a  large,  laboratory-scale  flammability  test  for 
mine  conveyor  belting  that  reaUstically  assesses  its  fire 
resistance. 

Background 

A  conveyor  belt  fire  in  an  underground  coal  mine  is  a 
serious  threat  to  life  and  property.  To  minimize  the  risk 
of  belt  fires,  the  U.S.  Code  of  Federal  Regulations  (CFR) 
for  underground  coal  mines  requires  approved  fire- 
resistant  belting.  Despite  this  precaution,  about  25%  of 
the  reportable  underground  coal  mine  fires  from  1983 
through  1988  involved  conveyor  belting.  In  several  in- 
stances, hundreds  of  feet  of  belting  were  destroyed.  The 
current  fiammability  test  for  fire-resistant  belting  is 
specified  in  30  CFR,  Part  18.65  and  is  conducted  by  the 
Mine  Safety  and  Health  Administration  (MSHA).  The 
small-scale  test  is  performed  in  a  21-in-cubical  chamber 
with  6-in-long  by  1/2-in-wide  belt  samples. 

To  evaluate  the  fiammability  of  conveyor  belting  under 
more  realistic  conditions,  the  U.S.  Bureau  of  Mines 
conducted  large-scale  fire  tests  of  belting.  The  large-scale 
data  were  then  utilized  in  the  development  of  an  improved 
laboratory-scale  fiame  test  for  fire-resistant  belting. 

About  The  Tests 

The  large-scale  fire  tests  were  performed  in  an  above- 
ground  ventilated  gallery.  The  gallery  is  12.5-ft-wide  by 
8-ft-high  along  the  centerline,  with  an  81-ft-square  cross- 
sectional  area.  For  the  tests,  a  30-ft  length  of  belting  was 
placed  on  the  top  rollers  of  a  conveyor  belt  frame.  The 
airfiow  was  300  ft/min  and  the  ignition  source  was  a  2  gal 
liquid  fuel  tray  fire  located  at  the  upstream  end  of  the  belt 
sample. 


Nine  synthetic  rubber  belts  and  eight  polyvinyl  chloride 
(PVC)  belts  were  examined.  All  the  belts,  except  one 
rubber  belt,  passed  the  current  small-scale  acceptance  test 
for  fire-resistant  belting.  The  belts  were  about  42-in-wide, 
and  varied  in  thickness  from  3/8-in  to  9/16-in.  The  cri- 
terion of  belt  fire  damage  was  selected  to  determine 
whether  a  belt  passed  or  failed  the  large-scale  gallery  test. 
A  belt  passed  if  fire  damage  did  not  extend  to  the  end  of 
the  30-ft-long  sample  and  a  portion  of  the  sample  was 
undamaged.  Of  the  17  belts  tested,  11  (7  rubber  and 
4  PVC)  failed  the  gallery  test  and  6  passed. 

The  laboratory-scale  fiammability  test  for  belting  was 
conducted  in  a  5.5-ft-long  by  1.5-ft-square  ventilated 
chamber.  The  ignition  source  was  a  commercial  12-jet  gas 
burner  and  the  belt  sample  was  fastened  to  a  steel  rack. 
After  a  series  of  preliminary  experiments,  the  following 
test  conditions  were  established:  sample  size,  5-ft-long  by 
9-in-wide;  distance  of  sample  rack  to  roof,  8  in;  airfiow, 
200  ft/min;  duration  of  gas  igniter,  5  min;  methane  gas 
fiow  to  burner,  1.2  standard  ft/min. 

To  conduct  a  test,  a  belt  sample  on  the  rack  was  placed 
in  the  chamber  and  the  airfiow  set.  The  burner  was  ap- 
plied to  the  front  edge  of  the  belt  sample  with  the  fiames 
distributed  equally  on  the  top  and  bottom  surfaces  of  the 
sample.  After  5  min,  the  burner  was  removed,  and  the 
belt  sample  allowed  to  burn  until  the  fiames  were  out. 

A  belt  passed  the  laboratory-scale  test  if,  in  three  trials, 
there  remained  a  portion  of  the  5-ft  sample  that  was  un- 
damaged across  its  width.  A  belt  failed  the  test,  if  in  any 
single  trial,  fire  damage  extended  to  the  end  of  the  sample. 
All  17  belts  that  were  examined  in  the  large-scale  gallery 
test  were  subjected  to  the  laboratory-scale  fire  test.  Of 
the  nine  rubber  belts,  seven  failed  the  laboratory-scale  test 
and  two  passed.  For  the  eight  PVC  belts,  four  failed  the 
laboratory-scale  test  and  four  passed. 

Comparison  of  Test  Results 

A  comparison  of  the  pass/fail  results  for  the  large-scale 
gallery  and  laboratory-scale  fire  tests  showed  that  they 
were  in  very  good  agreement.  For  the  nine  rubber  belts, 
the  results  were  in  complete  agreement,  wth  the  same 
seven  belts  failing  the  gallery  and  laboratory-scale  tests, 
and  two  belts  passing  both  tests.     For  the  PVC  belts, 
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Figure  1.— Laboratory-scale  flame  test  apparatus  for  conveyor  belting. 


the  pass/fail  results  for  six  of  the  belts  were  in  agree- 
ment, with  the  same  three  belts  failing  the  gallery  and 
laboratory-scale  fire  tests  and  three  belts  passing.  There 
were  discrepancies  in  the  comparison  for  two  of  the  PVC 
belts. 

MSHA  has  announced  plans  to  replace  the  current 
small-scale  conveyor  belt  fiammability  acceptance  test  with 
the  Bureau's  new  laboratory-scale  fire  test  for  belting. 


For  More  Information 

Details  of  the  experimental  test  procedures  and  results 
are  described  in  a  paper  published  in  the  Proceedings  of 
the  23rd  International  Conference  of  Safety  in  Mines 
Research  Institutes,  "Conveyor  Belt  Fiammability  Tests: 
Comparison  of  Large-Scale  Gallery  and  Laboratory-Scale 
Tunnel  Results,"  1989,  pp.  138-150. 

For  additional  information  about  this  subject,  contact 
Charles  P.  Lazzara,  at  the  U.S.  Bureau  of  Mines,  Pitts- 
burgh Research  Center,  P.O.  Box  18070,  Cochrans  Mill 
Road,  Pittsburgh,  PA    15236.   Telephone:   412/892-6628. 
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Pneumatic  Wall-locking  Geophone  System 


Objective 

Develop  an  improved  downhole  geophone  system  with 
enhanced  signal/noise  ratio  for  collecting  cross-hole 
seismic  data  used  in  tomographic  reconstructions. 


existing  field  system,  a  portable,  high-pressure/low- 
volume  air  compressor  would  have  sufficient  capacity  to 
operate  the  air  gun  as  well  as  several  small  high-pressure 
pneumatic  linear  actuators.  This  approach  was  the  sim- 
plest and  most  compatible  with  the  research  activities 
being  conducted  at  the  site. 


Background 

The  Bureau  of  Mines  is  conducting  research  in  the  use 
of  cross-hole  seismic  tomography  for  detecting  and 
monitoring  leach  solution  fiow  during  in  situ  mining.  This 
technique  requires  the  use  of  a  downhole  seismic  energy 
source  in  one  borehole  and  a  downhole  wall-locking 
receiver  (geophone)  in  another  borehole  separated  from 
the  first  by  the  region  to  be  investigated.  Bureau  research 
personnel  chose  a  commercially  available  air  gun  for  use 
as  the  downhole  seismic  energy  source.  Unfortunately, 
commercially  available  downhole  wall-locking  geophones 
that  the  Bureau  tested  were  difficult  to  operate  in  the 
field,  often  unreliable  and  generally  inadequate  in  terras 
of  their  signal/noise  ratio.  Therefore,  research  person- 
nel began  to  experiment  with  an  alternative  downhole 
geophone  design  that  could  be  used  to  collect  adequate 
data  in  a  wide  variety  of  borehole  and  cross-hole  field 
situations. 


How  It  Works 

The  wall-locking  geophone  system  has  three  major  sub- 
assemblies. The  components  of  each  sub-assembly  are  two 
opposing  borehole  wall  contact  plates,  each  with  a  pneu- 
matic, linear  actuator  and  a  horizontally-mounted  geo- 
phone element.  When  the  actuators  are  pressurized,  their 
linear  piston  movements  press  the  contact  plates  against 
the  borehole  wall.  Thus,  six  horizontal  geophone  elements 
are  locked  at  60  degree  intervals  around  (he  circumfer- 
ence of  the  borehole  wall.  To  make  sure  the  tool  can  be 
recovered  from  the  borehole,  the  actuators  used  in  this 
design  are  double-acting  with  a  spring-assist  for  the  return 
stroke.  Once  depressurized,  air  flow  to  the  actuators  can 
be  reversed,  providing  a  backup  retraction  mechanism 
should  the  spring  return  fail. 


Test  Results 


Approach 

An  attractive  alternative  geophone  design  would  be 
one  that  would  incorporate  a  pneumatically  operated 
wall-locking  system.    As  an  integral  part  of  the  Bureau's 


A  two-sided  prototype  of  the  tool  has  been  used  to 
collect  extensive  cross-hole  seismic  data  sets  at  several 
field  sites.  Data  were  collected  at  these  sites  both  before 
and  during  water  injection  which  was  done  to  simulate  an 
in  situ  mining  scenario.  It  was  found  that  this  design  in- 
herently improved  coupling  of  the  geophone  elements  to 
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Figure  1.— The  Bureau  of  Mines-developed  pneumatic  wall- 
locl(ing  geophone  system. 


the  borehole  wall  in  when  compared  to  other  commercially 
available  geophones,  resulting  in  an  improved  signal  to 
noise  ratio.  In  addition,  the  smaller  size  and  the  use  of 
multiple  geophone  elements  reduced  detrimental  tool  reso- 
nance and  orientation  effects.  The  tool  is  simple,  reliable 
and  less  cumbersome  in  field  operation  and  has  worked  in 
open,  cased,  dry  and  fluid-filled  boreholes. 


Patent  Status 

A  patent  application  for  the  invention  "Pneumatic  Wall- 
Locking  Geophone  System,"  by  Harland  L.  Kuhlman, 
Calvin  L.  Cumerlato  and  Daryl  R.  Twcelon  (MIN-3419) 
was  filed  on  September  14,  1990  with  the  U.S.  Patent 
Office  under  Serial  Number  582,690. 


For  More  Information 

The  Bureau  of  Mines  is  now  seeking  companies  that 
might  be  interested  in  cooperating  with  the  Bureau  to 
refine  the  tool  design  and  commercialize  it.  It  is  believed 
that  there  is  potential  for  profitable  commercialization 
of  this  product  due  to  its  relatively  low  cost,  special 
features  and  special  appHcations.  Plans  are  being  made  to 
demonstrate  the  tool  at  professional  conferences,  and 
special  demonstrations  could  be  arranged  for  interested 
companies.  Other  operational  information  and  drawings 
as  well  as  information  on  hcensing  an  invention  patented 
by  the  government  will  be  provided  upon  request.  For 
additional  information,  please  contact: 

Calvin  L.  Cumerlato,  Harland  L.  Kuhlman  or 

Daryl  R.  Tweeton 
Twin  Cities  Research  Center 
U.  S.  Bureau  of  Mines 
5629  Minnehaha  Avenue  South 
Minneapolis,  MN  55417 
(612)  725-4672,  4571  or  4670 
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Antislosh  Baffle  Compartment  Assembly  Developed 


The  Naval  Ocean  Systems 
Center  (NOSC),  San  Diego, 
California,  has  developed  an 
antislosh  baffle  compartment 
assembly  designed  to  delay  or 
eliminate  fuel  slosh-out  in  gas 
pressurized  fuel  systems  because  of 
violent  or  severe  maneuvers. 

The  assembly  includes  an 
intermediate  compartment 
mounted  between  the  forward  gas 
pressurized  fuel  compartment  and 
the  aft  fuel  feeding  compartments 
(Figure  2).  The  intermediate 
compartment  is  sealed  to  the 
vehicle  so  that  the  forward  and  the 
aft  compartments  are  sealed 
separated  from  one  another.  An 
upwardly    extending    tube    is 


mounted  in  the  fore  part  of  the 
intermediate  compartment  with 
the  bottom  end  of  the  tube  opening 
into  the  bottom  portion  of  the 
forward  compartment  and  the  top 
end  opening  into  the  top  portion  of 
the  intermediate  compartment. 
Another  upwardly  extending  tube 
is  mounted  in  an  after  part  of  the 
intermediate  compartment  with 
the  bottom  end  spaced  from  the 
bottom  of  the  intermediate 
compartment  and  the  top  end  in 
communication  with  the  aft 
compartment  so  that  fuel  is 
communicable  from  the  forward 
compartment  to  the  aft 
compartment  through  the 
intermediate  compartment. 
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Figure  2.  Antislosh  Baffle  Compartment  Assembly 


647 


This  assembly  is  lightweight, 
of  minimum  construction,  and  will 
prevent  gas  from  traveling  to  the 
aft  compartment  even  while 
undergoing  radical  down 
movements. 


For  Additional  Information: 

Backup  material  on  this  effort  is  available  from: 

Navy  Domestic  Technology  Fact  Sheet  Reader  Reply  Service 

Code  E211 

Naval  Surface  Weapons  Center 

Dahlgren,  VA  22448-5000 

(703)  663-8921 

Refer  to  151202/TN 
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Analysis  of  Turbulence 
in  a  Simple  Shear  Flow 

Reynolds  stresses  and 
time-average  velocity 
are  found  via  the  principle 
of  stabilization. 

A  report  presents  an  analysis  of  turbu- 
lence in  a  simple  shear  flow.  In  the  nnath- 
ematical  nnodel  used  in  this  study,  the  tur- 
bulence is  considered  to  arise  from  the 
growth  of  small  fluctuations  in  an  initially 
unstable  plane  Ftoiseuille  flow.  Invoking  the 
principle  of  stabilization,  the  fluctuations 
in  velocity,  and,  therefore,  the  Reynolds 
stresses,  are  considered  to  grow  until  a 
new  stable  state  is  approached.  This  prin- 
ciple enables  one  to  find  the  Reynolds 
stresses  and  the  mean  velocity  of  the  tur- 
bulent flow  that  arises  from  the  initial  plane 
Poiseuille  flow. 

The  initial  flow  is  taken  to  be  along  the 
X  direction,  which  is  parallel  to  the  two 
bounding  planes  and  perpendicular  to  the 
y  direction.  There  is  assumed  to  be  no  flow 
or  variation  along  the  third  perpendicular 
(z)  direction.  A  disturbance  in  the  flow  is 
assumed  to  be  represented  by  a  stream 
function  characterized  by  a  temporal  fre- 
quency and  a  spatial  frequency  along  the 
X  direction.  The  shearing  Reynolds  stress 
is  assumed  to  be  given  by  a  function  that 
resembles  the  stream  function  in  its  gen- 
eral form  and  is  characterized  by  the  same 
spatial  and  temporal  frequencies. 

The  Reynolds  equations  (a  specialized 
form  of  the  Navier-Stokes  equations  of 


flow)  are  put  in  a  form  in  which  the  fluc- 
tuations in  velocity  are  treated  as  small 
perturbations  of  the  initial  flow.  The  stream 
function  and  the  expression  for  the  Reyn- 
olds stress  are  inserted  in  the  Reynolds 
equations,  which  are  then  partially  solved 
to  eliminate  the  pressure  and  to  obtain  a 
generalized  Orr-Sommerfeld  equation  in 
dimensionless  form.  The  right  side  of  the 
Orr-Sommerfeld  equation  contains  a 
factor  in  the  expression  for  the  Reynolds 
stress,  and  part  of  the  problem  is  to  deter- 
mine this  factor. 

The  Reynolds  number  R  is  assumed  to 
have  a  value  R*  slightly  greater  than  the 
critical  Reynolds  number  R^^  above  which 
the  flow  becomes  unstable.  It  is  noted  that 
at  zero  Reynolds  stress,  the  eigenvalues 
of  the  Orr-Sommerfeld  equation  would 
have  positive  imaginary  parts  (indicating 
growth  of  perturbations)  a\  R  =  R*  >Rcr' 
and  that  these  imaginary  parts  would 
vanish  a\  R  =  R^^.  Then  by  the  principle 
of  stabilization,  the  Reynolds-stress  factor 
must  be  selected  in  such  a  way  that  at  R 
=  R^^,  this  factor  converts  the  general- 
ized Orr-Sommerfeld  equation  to  the  Orr- 
Sommerfeld  equation  for  the  initial,  unper- 
turbed stream  function.  These  observa- 
tions lead  to  a  linearized  equation  for  the 


"feedback"  between  the  Reynolds  stress- 
es and  the  mean  flow,  in  the  form  of  a  sec- 
ond-order differential  equation  in  y  for  the 
relationship  between  the  dimensionless 
Reynolds-stress  and  the  dimensionless 
stream  function. 

The  validity  of  this  approach  is  based 
on  the  fact  that,  as  determined  in  a  pre- 
vious study,  Reynolds-stress  disturbances 
grow  much  faster  than  mean-motion  dis- 
turbances do.  Hence,  one  can  assume  that 
the  Reynolds  stresses  are  large  enough 
to  stabilize  the  mean  flow,  which  is  still  suf- 
ficiently close  to  its  original  unperturbed 
state.  But  the  Reynolds  stresses  that  are 
substituted  into  the  Reynolds  equations 
change  the  mean  velocity  profile,  and  con- 
sequently, the  conditions  of  instability.  These 
new  conditions,  in  turn,  change  the  Reyn- 
olds stresses,  and  so  forth.  By  performing 
the  computations  iteratively  in  sufficient- 
ly small  steps,  one  can  obtain  acceptable 
accuracy 

This  work  was  done  by  Michail  A.  Zak 
of  Caltech  for  NASA's  Jet  Propulsion 
Laboratory.  To  obtain  a  copy  of  the  report 
"Analysis  of  Turbulence  in  Shear  Flows 
Using  Stabilization  Principle." 
NPO-17364/TN 
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Calculating  Viscous/ 
Inviscid  Interactions 

Some  experiences  in 
the  numerical  simulation 
of  compressible  flow 
are  described. 

A  report  describes  some  experiences  in 
the  numerical  simulation  of  compressible, 
viscous  flows  by  finite-difference  approx- 
imations of  the  Navier-Stokes  equations. 
The  focus  is  upon  the  viscous/inviscid-in- 
teraction  approach,  in  which  the  flow  is 
mathematically  modeled  with  interacting 
zones,  within  each  of  which  a  different 
model  of  viscous  or  inviscid  flow  applies. 
Impractically  large  amounts  of  computer 
memory  and  computing  time  are  often  re- 
quired for  the  solution  of  the  full  Navier- 
Stokes  equations  over  an  entire  flow  field 
with  a  grid  fine  enough  to  resolve  all  the 
high  gradients.  The  viscous/inviscid-inter- 
action  approach  can  reduce  the  task  of 
computation  by  taking  advantage  of  sim- 
pler models  and  coarser  grids  in  some  of 
the  zones. 

The  report  contains  two  parts.  Part  I 
begins  with  a  discussion  of  the  use  of 
boundary-layer  equations  to  study  sepa- 
rated flows.  Issues  include  marching 
boundary-layer  equations  through  separa- 
tion points  and  boundary-layer  algorithms 
based  on  integral,  finite-difference,  and 
finite-element  methods.  A  steady  two-di- 
mensional formulation  and  an  unsteady 
three-dimensional  formulation  of  the  bound- 
ary-layer problem  are  presented.  The 
results  of  two  three-dimensional  simula- 
tions are  presented  and  compared  with  ex- 
perimental data. 

Part  II  reviews  three  methods  based  on 
the  viscous/inviscid-interaction  approach. 


The  first  method  involves  a  conventional 
full-potential/boundary-layer  transpiration 
boundary-condition  matching  procedure. 
To  obtain  the  desired  converged  and  com- 
patible viscous  and  inviscid  flow-field  solu- 
tions, the  viscous/inviscid  iteration  scheme 
must  allow  each  computed  flow  to  be  in- 
fluenced by  the  other,  yet  remain  stable 
and  computationally  efficient  even  when 
this  interaction  is  strong.  In  this  method, 
one  obtains  an  approximation  to  the  in- 
viscid flow,  extracts  some  information  (e.g., 
pressure)  from  the  inviscid  flow  to  feed  the 
viscous  algorithm,  extracts  information 
from  the  viscous  algorithm,  and  inserts  it 
into  another  estimate  of  the  inviscid  flow. 
This  cycle  is  continued  until  the  inviscid 
and  viscous  solutions  are  converged  and 
compatible.  The  interface  schemes  for  the 
transfer  of  information  between  the  in- 
viscid and  viscous  algorithms  are  critical 
and  still  a  subject  of  active  research.  Two- 
dimensional  examples  of  the  more  "classi- 
cal" interfaces  are  discussed. 

The  second  method  involves  a  vector- 
potential/boundary-layer  (vorticity)-inter- 
action  scheme.  The  vorticity  of  the  viscous 
flow  is  embedded  in  the  inviscid  flow 
through  a  field-forcing  term.  The  outer  "in- 
viscid" algorithm  is  tightly  coupled  to  the 
viscous  flow  over  the  entire  viscous-flow 
domain.  If  necessary,  the  inviscid  flow  can 
convect  vorticity  downstream  (i.e.,  as  in  a 
wake).  To  date,  this  approach  has  been  ap- 
plied to  separated,  but  fairly  simple,  flows. 


However,  it  is  straightforward  to  include 
the  effect  of  normal  pressure  gradients  in 
this  scheme,  and  free  shear  layers  are 
tracked  automatically.  Hence,  some  of  the 
deficiencies  of  the  "classical"  effective- 
displacement-thickness  interaction  have 
been  avoided. 

The  third  method  involves  a  fortified 
Navier-Stokes  scheme,  which  represents 
the  next  step  toward  complete  generality. 
In  this  case,  a  general  global  algorithm  is 
"fortified"  (i.e.,  the  accuracy  and/or  con- 
vergence rate  are  improved)  in  any  region 
where  a  less-complete,  but  more-efficient, 
numerical  formulation  can  be  used.  For  ex- 
ample, the  boundary-layer  equations  can 
be  used  to  resolve  thin  shear  layers.  It  has 
been  shown  that  this  approach  can  signifi- 
cantly improve  the  efficiency  of  the  overall 
algorithm. 

This  work  was  done  by  W.  R.  Van 
Dalsem,  J.  L.  Steger,  and  K.  V.  Rao  of 
Ames  Research  Center.  Further  informa- 
tion may  be  found  in  NASA  TI^-100015 
[N87-12466],  "Some  Experiences  with  the 
Viscous-inviscid  Interaction  Approach." 

Copies  may  be  purchased  [prepayment 
required]  from  the  National  Technical  In- 
formation Service,  Springfield,  Virginia 
22161,  Telephone  No.  (703)  487-4650. 
Rush  orders  may  be  placed  for  an  extra  fee 
by  calling  (800)  33&4700. 
ARC-12115/TN 
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Conjugate  Gradient 
Algorithms  for 
IVIanipulator  Simulation 

The  applicability  of  conjugate- 
gradient  algorithnns  for 
robot  manipulator  dynamic 
simulation  is  discussed. 

A  report  discusses  the  applicability  of 
conjugate-gradient  algorithms  to  computa- 
tion of  the  forward  dynamics  of  robotic 
manipulators.  The  forward-dynamics  prob- 
lem can  be  stated  as  follows:  given  the 
vector  of  the  positions  (Q)  and  velocities 
(Q)  of  the  joints  of  manipulator  and  the  vec- 
tor of  forces  and  torques  (t)  applied  to  the 
joints,  find  the  vector  of  the  accelerations 
(Q)  of  the  joints.  The  integration  of  Q  leads 
to  new  values  for  Q  and  Q.  The  process 
is  then  repeated  for  the  t  at  the  next  time 
step.  Rapid  computation  of  the  forward 
dynamics  —  preferably  faster  than  real 
time  —  is  essential  to  teleoperation  and 
other  advanced  robotic  applications.  The 
research  on  conjugate-gradient  algorithms 
described  in  this  report  is  part  of  a  con- 
tinuing effort  to  find  algorithms  that  meet 
the  requirements  for  increased  computa- 
tional efficiency  and  speed. 

The  conjugate-gradient  method  is 
among  the  methods  used  most  widely  for 
the  iterative  solution  of  systems  of  linear 


equations.  In  this  report,  the  classical 
conjugate-gradient  (COG)  algorithm  is  ap- 
plied to  the  forward-dynamics  problem, 
and  the  redundancy  in  the  resulting  equa- 
tions is  analyzed.  This  leads  to  an  improved 
COG  algorithm  that  reduces  the  cost  of 
computing  each  iteration  by  eliminating 
the  redundancy  in  the  extrinsic  equations 
via  a  better  choice  of  coordinate  frame  for 
the  projection  of  the  intrinsic  equations. 
Once  the  cost  of  each  iteration  has  been 
reduced  in  this  way  the  efficiency  of  com- 
putation can  be  increased  further  by  re- 
ducing the  number  of  iterations  via  a  pre- 
conditioning algorithm. 

Next,  a  preconditioned-conjugate-gra- 
dient  (PCG)  algorithm  is  derived.  In  this  al- 
gorithm, a  positive-definite  diagonal  matrix, 
the  elements  of  which  are  the  diagonal 
elements  of  the  inertia  matrix,  is  used  as 
a  preconditioner.  An  efficient  subalgorithm 
for  the  computation  of  these  elements  is 
also  developed. 


The  report  notes  that  even  with  these 
improvements,  the  GCG  and  PCG  algo- 
rithms may  not  offer  enough  computation- 
al efficiency  for  faster-than-real-time  simu- 
lations. The  reason  is  that  they  are  serial 
algorithms,  the  computational  efficiency 
of  which  is  inherently  limited.  Further  in- 
creases in  efficiency  and  speed  would  re- 
quire the  exploitation  of  parallelism.  The 
authors  find  that  the  PCG  algorithm  is  suit- 
able for  modification  into  a  parallel  form. 
The  results  of  a  preliminary  investigation 
of  a  parallel  version  of  the  PCG  algorithm 
and,  in  particular,  of  the  effect  of  precon- 
ditioning on  its  convergence  are  presented. 

This  work  was  done  tjy  Amir  Fijany  and 
Robert  E.  Sclieid  of  Caltecti  for  NASA's 
Jet  Propulsion  Laboratory.  To  obtain  a 
copy  of  ttie  report  "Efficient  Conjugate 
Gradient  Algorittims  for  Computation  of 
tfie  /Manipulator  Forward  Dynamics." 
NPO-17929/TN 
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Computational  Fluid 
Dynamics  in  Aerospace 

Progress  in  methods, 
solutions,  and  computer 
technology  is  reviewed. 

A  report  reviews  recent  progress  in  com- 
putational fluid  dynamics  (CFD)  at  NASA 
Ames  Researctn  Center  It  addresses  the 
state  of  ttie  art  in  terms  of  methods,  ex- 
amples of  solutions,  and  computer  tech- 
nology. 

The  text  begins  with  a  discussion  of  the 
general  trends.  As  it  notes,  the  long-range 
goal  of  CFD  is  to  develop  computer  pro- 
grams that  can  accurately  simulate  the 
viscous  flows  about  aerospace  vehicles 
and  their  components  in  flight  within  a 
reasonable  time  (e.g.,  15  min).  A  simulation 
should  depict  the  detailed  fluid  physics;  the 
stability,  control,  and  performance  of  the 
vehicle;  and  the  thermal  and  aerodynamic 
loads  in  a  time  frame  suitable  for  use  in 
design. 

The  aerospace  research  community  is 
undergoing  a  cultural  change  as  CFD  be- 
comes an  increasingly-capable,  recog- 
nized design  technique  and  as  CFD 
merges  with  experimental  aerodynamics 
in  a  continuing  process  of  mutual  valida- 
tion and  advancement.  As  new  technologi- 
cal capabilities  thus  evolve,  they  are  ex- 
pected to  contribute  to  the  achievement  of 
the  following  ambitious  goals  set  by  the 
Aeronautical  Policy  Review  Committee 
established  by  the  Office  of  Science  and 
Technology  Policy; 

•  To  build  toward  the  emergence  of  a  new 
generation  of  fuel-efficient,  affordable  sub- 
sonic transport  aircraft  around  the  turn  of 
the  century; 


•To  develop  the  technology  for  aircraft 
capable  of  sustained  supersonic  cruising 
for  efficiency  in  long-distance  travel;  and 

•  To  perform  research  toward  a  vehicle  that 
can  routinely  cruise  and  maneuver  into 
and  out  of  the  atmosphere  and  can  take 
off  and  land  on  conventional  runways. 

The  report  goes  on  to  discuss  the  meth- 
ods of  CFD.  Topics  include  the  following: 

•  The  importance  of  resolution  (i.e.,  the  sizes 
of  finite-difference  computational  grids)  in 
the  solution  of  the  governing  Navier- 
Stokes  equations  for  turbulent  flov\/s; 

•  The  synergistic  development  of  improved 
algorithms  and  multiprocessor  (e.g.,  paral- 
lel-processing) computers; 

•  Postprocessing  techniques  for  the  visuali- 
zation of  the  computed  flow  fields;  and 

•  The  need  for  coordinated,  modular  organi- 
zation of  computer  programs  as  such  pro- 
grams become  increasingly  complicated, 
requiring  structured  coding  practices  and 
organized  efforts. 

The  authors  provide  examples  of  CFD 
solutions  of  aerospace  and  fluid-physics 
problems  to  illustrate  recent  progress.  The 
aerospace  solutions  include  rotor/stator 
velocity  vectors  from  a  three-dimensional 
Navier-Stokes  code  for  turbomachinery, 
pressure  distributions  from  a  simulation  of 
aeroelasticity  of  a  wing  surface-pressure 
contours  on  a  four-bladed  helicopter  rotor 
in  forward  flight,  and  particle  traces  about 
several  aerospace  vehicles.  The  fluid- 
physics  solutions  include  particle  traces 


around  a  cylinder  capped  at  the  front  end 
by  a  hemisphere,  total-pressure  contour 
plots  and  particle  traces  over  a  double 
delta  wing,  a  horseshoe-shaped  vortex, 
and  contours  of  vorticity  in  a  boundary- 
layer  flow. 

The  review  of  computer  technology 
covers  supercomputers,  scientific  work  sta- 
tions, local  supercomputing  networks,  and 
remote  access  to  supercomputers.  Capa- 
bilities and  costs  are  discussed,  along  with 
trends  in  designs  and  uses  of  equipment 
and  programs.  The  authors  note  the  ex- 
istence of  both  the  requirements  and  the 
technology  for  a  worldwide  revolution  in 
high-speed  communication  of  data  and 
that  consequently  future  researchers  in  > 
CFD  will  have  access  to  the  best  super-  \ 
computing  capabilities  anywhere  from 
their  desk-top  computers. 

This  work  was  done  by  Paul  Kutler, 
Joseph  L  Steger,  and  F.  R.  Bailey  of  Ames 
Research  Center.  Further  information 
may  be  found  in  AIM  paper  87A-42083, 
"Status  of  Computational  Fluid  Dynamics 
in  the  United  States." 

Copies  may  be  purchased  [prepayment 
required]  from  AIAA  Technical  Information 
Service  Library,  555  West  57th  Street,  New 
York,  New  York  10019,  Telephone  No. 
(212)  247-6500. 
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Measurements  of  Boundary 
Layers  on  a 
Compressor  Blade 

Experiments  and  analysis  of 
data  are  described. 

A  two-volume  report  describes  an  ex- 
perimental study  of  the  flow  of  air  around  a 
double-circular-arc  turbine  blade  in  a  cas- 
cade of  such  blades.  The  measurements 
were  made  in  a  wind-tunnel  test  section  at 
an  angle  of  incidence  of  5°  and  a  chord 
Reynolds  number  of  500,000.  The  study 
provides  a  well-documented,  somewhat- 
complicated  flow  field  that  can  be  used  to 
develop  or  test  future  computer  codes  for 
the  simulation  of  such  viscous-flow  fields. 

The  first  volume  discusses  the  experi- 
mental techniques  and  presents  the  exper- 
imental results  in  graphical  form.  The  flow 
in  the  boundary  layer  and  near  the  wake 
was  measured  by  a  single-component 
laser-Doppler  velocimeter:  in  particular, 
data  were  obtained  at  11  locations  on  the 
pressure  surface  of  the  blade,  11  locations 
on  the  suction  surface,  and  3  locations  in 
the  wake.  Additional  measurements  of  tur- 
bulence were  taken  by  calibrated  hot-wire 
probes  in  the  boundary  layer  and  by  uncali- 
brated  hot  films  mounted  on  the  surface. 
Measurements  by  probes  at  the  inlet  and 
outlet  and  measurements  of  static  pres- 
sures on  the  blade  supplement  the  data  on 
the  boundary  layer. 

The  first  volume  also  discusses  several 


interesting  features  of  the  flow  that  emerge 
from  the  analysis  of  the  experimental  data. 
The  boundary-layer  measurements  on  the 
pressure  suriace  indicate  a  transition  re- 
gion over  at  least  40  percent  of  the  chord  of 
the  blade.  A  small,  bubblelike  separation 
region  near  the  leading  edge  of  the  suction 
surface  causes  an  immediate  transition 
from  laminar  to  turbulent  flow.  The  non- 
equilibrium  turbulent  boundary  layers  sep- 
arate again  near  the  trailing  edge  of  the 
suction  surface.  The  similarity  (in  the  math- 
ematical sense  of  proportionalities  and 
other  relatively  simple  transformations  of 
flow  quantities  and  geometries)  of  the  out- 
er region  of  turbulent  boundary  layers 
ceases  in  the  separated  region.  Also,  simi- 
larity does  not  hold  in  the  near-wake  re- 
gion, which  includes  negative  mean  veloci- 
ties because  of  the  separation  near  the 
trailing  edge  of  the  suction  surface. 

The  second  volume  begins  with  a  detailed 
description  of  the  procedures  for  the  analy- 
sis of  the  experimental  data.  Topics  include 
statistical  and  curve-fitting  techniques, 
boundary-layer  integral  parameters,  simi- 
larity solutions  for  laminar  boundary  layers, 
wall-wake  velocity  profiles  and  skin-friction 
coefficients  of  turbulent  boundary  layers. 


and  a  similarity  relation  for  wakes. 

This  volume  presents  the  raw  data  in 
tables  to  make  them  directly  accessible  for 
computational  comparison  with  other  ex- 
perimental or  numerically  simulated  data. 
Processed  data  that  result  from  the  various 
analyses  are  also  presented  in  tables.  A 
computer  tape  that  contains  the  data  is 
available  to  other  researchers. 

This  work  was  done  by  Steve  Deutsch 
and  William  Z.  Zierke  of  Pennsylvania  State 
University  for  Lewis  Research  Center. 
Further  information  may  be  found  in  NASA 
CR-179491  and  CR-179492  [N87-13441 
and  N87-13442],  "The  /Measurement  of 
Boundary  Layers  on  a  Compressor  Blade 
in  Cascade  at  High  Positive  Incidence 
Angle  [Volume  I  (Experimental  Techniques 
and  Results)  and  Volume  II  (Data  Report)]. " 

Copies  may  be  purchased  [prepayment 
required]  from  the  National  Technical  In- 
formation Service,  Springfield,  Virginia 
22161,  Telephone  No.  (703)  487-4650. 
Rush  orders  maybe  placed  for  an  extra  fee 
by  calling  (800)  33&4700. 
LEW-14748/TN 


FOR  ADDITIONAL  INFORMATION:  Contact:  Director.  Technology  Transfer  Division.  P.O.  Box  8757. 
BWI  Airport.  MD  21240:  (301)  621-0100  Ext  241 

REFER  TO  THE  NUMBER  LISTED  AT  THE  END  OF  THIS  ARTICLE 


652 


fWNSATech  Brief 

National  Aeronautics  and 
Space  Administration 

Marshall  Space  Flight  Center,  Alabama 


Modifications  of  Hydrostatic-Bearing  Computer  Program 

Design  time  and  effort  are  reduced. 


Several  modifications  have  been  made 
to  enhance  the  utility  of  HBEAR,  a  comput- 
er program  for  the  analysis  and  design  of 
hydrostatic  bearings.  These  modifications 
make  the  program  applicable  to  more  real- 
istic cases  and  reduce  the  time  and  effort 
necessary  to  arrive  at  a  suitable  design. 

One  modification  is  the  inclusion  of  a 
subroutine  that  calculates  the  maximum 
and  minimum  allowable  depths  of  the  re- 
cesses from  the  following  equations:  For 
the  maximum  allowable  depth  of  the  re- 
cesses, 

Volume  of  Orifice  +  Volunne  of  Recess 


Volume  of  Film 


-<i.O. 


For  the  minimum  allowable  depth  of  the  re- 
cesses, 


12  mO 


7i2nGPfl(Ps-P3)(A),+c)3 


2(8p+Lp) 


<0.1 


where  G  is  a  correction  for  the  effects  of 
turbulence,  f^  is  the  dynamic  viscosity,  0  is 
the  volumetric  flow  rate,  n  is  the  number  of 
recesses,  P^  is  the  supply  pressure,  Pg  is 
ambient  pressure,  h^.  is  the  depth  of  a  re- 
cess, c  is  the  radial  clearance,  Bp  is  the  cir- 
cumferential length  of  a  recess,  Lp  is  the 
axial  length  of  a  recess,  and  d^  is  the  diam- 
eter of  the  orifice.  Pp  is  the  recess  pressure 
ratio  and  is  defined  as: 

P. -P. 


Po=- 


where  P^  is  the  pressure  in  the  recess.  The 
depth  of  the  recesses  should  be  kept  be- 
tween these  two  limits  to  avoid  flow  in- 
stabilities that  could  adversely  affect  the 
stability  of  the  bearing. 

Another  modification  is  to  add  the  cap- 
ability to  represent  the  cross  section  of  the 
hole  in  the  housing  as  an  ellipse.  This  fea- 
ture is  intended  to  give  a  more  realistic  rep- 
resentation of  thermal  and  mechanical  dis- 
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The  Performance  of  a  Bearing  Is  quantified,  In  this  case,  In  terms  of  the  nondimensionalized 
forms  of  the  stiffness  and  damping.  At  a  pressure  ratio  of  about  one-half,  the  stiffness  and 
damping  are  both  optimum.  The  size  of  the  orifice  can  be  modified  easily  so  that  the  pres- 
sure ratio  is  about  0.5. 


( 


tortions. 

Other  modifications  of  the  program 
greatly  reduce  the  design  time  and  effort 
by  automating  the  calculation  procedure. 
One  of  these  modifications  is  to  incorpo- 
rate the  calculation  of  the  computational 
grid  on  which  the  design  problem  is  solved. 
The  other  is  to  cause  the  program  to  iterate 
on  the  area  of  the  orifice  to  optimize  the 
bearing  with  respect  to  its  rotordynamic 
characteristics,  This  feature  alone  reduces 
the  design  effort  by  a  factor  of  approxi- 
mately 3. 

The  dimensions  of  the  recess  and  pad 
and  the  ratio  of  the  area  of  the  recess  to 
that  of  the  pad  are  easily  varied  and  op- 


timized. TTiese  quantities  can  be  modified 
to  design  for  the  required  performance 
characteristics.  The  performance  can  be 
expressed  in  terms  of  a  ratio  between  f/vo 
drops  in  pressure,  as  shown  in  the  figure. 
The  program  uses  a  search  technique  to 
iterate  on  the  size  of  the  orifice  to  obtain  the 
required  pressure  ratio. 

This  work  was  done  by  Robert  I.  Hibbs, 
Jr.,  and  Robert  F.  Beatty  of  Rockwell  Inter- 
national Corp.  for  Marshall  Space  Right 
Center. 
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Mode-ll-Fracture  Specimen  and  Holder 

A  simple  design  facilitates  testing. 


A  test  specimen  and  loading  frame  have 
been  developed  for  the  fatigue  and  frac- 
ture testing  of  materials  under  mode-ll 
(sliding-mode)  loading.  Mode-ll  data  are  re- 
quired for  some  analyses  of  failures  in 
structural  materials,  bearing  materials, 
ceramics,  and  the  like. 

The  fracture  of  a  nonbrittle  material  sub- 
jected to  mode-ll  loading  proceeds  col- 
linearly  with  a  starter  notch,  as  half  of  the 
specimen  "slides"  past  the  other  half.  Im- 
portant features  of  this  new  specimen  are 
that  a  nearly  pure  mode-ll  condition  exists 
at  the  test  zone;  that  the  single-ended 
notch  provides  a  singular  location  for  the 
analyses  of  data;  that  the  load  is  applied  in 
a  straightforward  mode-ll  direction,  elim- 
inating the  need  for  a  calculation  based  on 
angular  loading;  and  that  the  simple  design 
of  the  specimen  permits  fabrication  by 
grinding  only 

The  use  of  the  loading  frame  enables 
consistently  accurate  alignment  of  speci- 
mens before  insertion  of  the  specimen/ 
frame  assemblies  into  the  compression- 
testing  machine.  This  makes  the  design  at- 
tractive for  testing  in  hostile  environments 
in  which  access  to  the  machine  or  furnace 
may  be  limited.  An  additional  feature  of  the 
design  of  the  specimen/frame  assembly 
is  that  it  could,  with  little  or  no  modifica- 
tion, be  placed  horizontally  into  an  impact 
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Figure  1.  The  Specimen/Loading  Frame 

Assembly  is  placed  in  a  compression- 
testing  machine.  Loads  directed  oppositely 
along  the  centerline  cause  a  self-similar 
crack  to  propagate. 

testing  machine  and  be  subjected  to  load- 
ing at  high  speeds. 

The  specimen  and  loading  frame  are  il- 
lustrated in  Figure  1.  The  photograph  (see 
Figure  2)  indicates  the  good  alignment  of 
the  mode-ll  forces  at  the  tip  of  the  notch  in 
a  photoelastic  specimen.  The  predomi- 


2.54  mm 
(0.100  in.) 


Figure  2.  The  Photoelastic  Pattern  of  this 
specimen  shows  symmetry  about  ttie 
notch  centerline,  indicating  pure  mode-ll 
loading. 


.  nance  of  the  mode-ll  forces  has  also  been 
verified  by  the  tx)undary-integral-equation 
method. 

lh\s  work  was  done  by  Robert  J.  Buz- 
zard, Louis  Ghosn,  and  George  Succop 
of  Lewis  Research  Center. 
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Research  and  Developnnent 


•  oEPA        Project  Summary 

A  User-Friendly  Data  Entry  Routine  for  the  ESP 
l\/lodel 


All  versions  of  the  EPA/Southern 
Research  Institute  (SRI)  electrostatic 
precipitator  (ESP)  nerformance 
nnodel  have  very  exacting  format 
requirennents  for  the  input  data  sets. 
SRI  has  written  an  interactive 
program  for  EPA  which  greatly 
simplifies  the  creation  and 
modification  of  ESP  model  data  files, 
thereby  eliminating  one  of  the  major 
sources  of  error  in  the  use  of  the 
model.  This  program  is  written  for 
IBM  PC-compatible  computers. 

This  Project  Summary  was 
developed  by  EPA's  Air  and  Energy 
Engineering  Research  Laboratory, 
Research  Triangle  Park,  NC,  to 
announce  key  findings  of  the  research 
project  that  is  fully  documented  in  a 
separate  report  of  the  same  title  (see 
Project  Report  ordering  information  at 
back). 


Introduction 

The  computer  model  of  electrostatic 
precipitator  (ESP)  performance  written  by 
Southern  Research  Institute  (SRI)  for  the 
EPA  has  undergone  three  revisions  since 
it  was  first  introduced.  All  versions  of 
the  ESP  model  require  input  data  sets 
which  are  very  exacting  in  the  amount  of 
data  the  user  must  furnish,  the 
correctness  of  that  data,  and  the  rigidity 
of  the  format  in  which  the  data  sets  must 
be  written  The  data  are  arranged  in  a 
very  compact  and  nearly  illegible  pattern. 
An  error  in  the  location  of  a  data  item 
may  make  the  data  unreadable  for  the 
program,  or  worse,  cause  the  model  to 
read  the  data  incorrectly  and  predict 
efficiency  based  on  incorrect  numbers 

Since  the  accuracy  of  the  modeling 
depends  on  the  quality  of  the  data,  little 
can  be  done  to  simplify  the  task  of 
gathering  good  quality  data  for 
modeling.  However,  the  task  of  putting 
that  data  into  the  required  format  can  be 
made  user-friendly  SRI  has  written  a 
program  for  IBM     PC-compatible  micro- 


computers which  allows  easy  data  entry 
and  modification. 

This  report  is  a  user's  manual  for  the 
data  entry  program.  It  describes  each 
step  that  the  user  must  follow  m  order  to 
create  data  files  successfully  A  com- 
plete description  of  the  ESP  model  input 
data  is  included  as  an  appendix.  Forms 
for  organizing  data  before  using  the  data 
entry  program  are  included  m  another 
appendix 


Features  of  the  Program 

This    program    has    the    following 
features 

•  The  data  are  displayed  in  a  set  of 
menu-driven  data  forms 

•  Each  data  item  is  entered  by  typing  the 
correct  number  in  the  space  provided. 
Pressing  an  arrow  moves  the  cursor  to 
another  item,  pressing  the  return  key 
moves  the  cursor  to  the  next  item,  and 
pressing  the  escape  key  moves  to 
another  menu 

•  Each  data  item  is  identified  by 
description  (eg,  gas  temperature)  In 
addition,  many  of  the  data  are 
identified  by  the  variable  name  used  m 
the  model  for  reference  to  the  input 
data  instructions  in  Appendix  A 


•  Data  may  be  read  from  existing  data 
files  and  either  corrected  or  merged 
with  other  data  to  form  a  new  data  file. 


•  When  changing  textual  data,  the 
operator  may  enter  data  in  either  the 
letter  replacement  mode  or  the  letter 
insertion  mode,  as  in  a  word  processor. 


The  data  files  written  by  the  program 
are  in  the  standard  ESP  model  data 
format  and  may  be  used  by  any  SRI 
ESP  model 
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•  Some  data  items,  which  previously 
required  calculation  or  reference  to 
tabulated  data,  are  calculated  by  the 
program 


•  When  the  program  begins,  a  set  of 
ESP  data  will  be  displayed  as  a  guide 
m  selecting  values  of  data  for  the 
application  at  hand.  The  data  are  for  a 
hypothetical  four-section  ESP  having  9 
in.  plate  spacing,  a  plate  area  of  27,000 
ft2  per  section,  and  an  SCA  of  320 
ft^/kacfm.  The  particle  size  distribution 
is  typical  of  ash  created  by  burning 
pulverized  bituminous  coal  The 
electrical  conditions  were  obtained 
from  an  SRI-EPRI  correlation  of 
operating  conditions.  The  start-up  data 
file  is  named  INITIAL.DAT.  If  a  differ- 
ent start-up  data  set  is  desired,  it  is 
only  necessary  to  name  the  file 
INITIAL.DAT  to  make  the  change. 

Conclusions 

This  report  describes  the  operation  of  a 
program    that    greatly    simplifies    the 


creation  and  modification  of  data  files  for 
use  with  the  ESP  model.  This  program 
displays  the  data  in  a  series  of  menus 
and  allows  the  user  direct  access  to  the 
displayed  data.  After  the  user  has  typed 
the  data  into  the  menus,  the  program  will 
make  any  necessary  calculations  and 
then  store  the  data  in  a  file  in  the  correct 
format  for  reading  by  the  ESP  model. 
This  program  will  also  read  existing  ESP 
model  flies  so  that  data  files  may  be 
corrected,  modified,  or  combined.  Data 
files  written  by  this  program  on  a 
microcomputer  may  be  transferred  to  a 
main-frame  computer  without  changes 
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5285  Port  Royal  Road 

Springfield.  VA  22161 

Telephone:  703-487-4650 
The  EPA  Project  Officer  can  be  contacted  at: 

Air  and  Energy  Engineering  Research  Laboratory 

U  S  Environmental  Protection  Agency 

Research  Triangle  Park,  NC  27711 
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controlled. 
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paths  and  recombined. 
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0660  Beam  Splitter  for  Welding-Torch  Vision  System — Illumination  for 
previews  could  be  directed  along  the  torch. 

0661  Flexible  Interior-Impression-Molding  Tray — Weld  joints  in  cavities  can  be 
examined  nondestructively. 

0662  Monitoring  Weld  Penetration  Via  Gas  Pressure — Jumps  in  pressure 
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Department  of  Defense 

Data  &  Analysis  Center  for  Software 


Utica,    NY   13502 


-  RAID  -  Robotics  and  Artificial  Intelligence  Database 


In  recent  years,  there  has  been  a  tremendous  increase 
in  industrial  producUvity  attributable  to  robotics  and  artincial 
intelligence  (AI)  technology.  Along  with  the  massive 
technological  advances,  there  has  been  an  increase  in  technical 
literature  and  project  descriptions.  The  success  of  robotics  and 
artificial  intelligence  research  and  development  depends,  in 
some  measure,  on  rapid  access  to  a  comprehensive,  organized 
information  base. 

Within  the  defense  environment  it  is  necessary  to 
ensure  the  capability  to  plan,  select  and  apply  robotics  and  AI 
technology  and  conduct  and  report  research  and  development 
leading  to  the  creation  or  improvement  of  robotics  and  AI 
technology.  To  meet  these  needs  the  Joint  Technology  Panel 
for  Robotics  (JTPR),  under  the  direction  of  the  Joint  Directors 
of  Laboratories  (JDL),  is  supporting  the  Robotics  and 
Artificial  Intelligence  Database  (RAID).  As  the  authoritative 
source  for  all  defense-sponsored  efforts  in  robotics  and  artificial 
intelligence,  RAID  contains  an  electronically  accessible 
collection  of  project  abstracts. 

Developed  by  the  Naval  Ocean  Systems  Center 
(NOSC),  RAID  is  now  operational  at  the  Data  &  Analysis 
Center  for  Software  (DACS).  The  database  is  designed  as  a 
decision  support  system  for  program  managers  and  as  a 
technical  knowledge  base  for  robotics  and  AI  researchers.  The 
information  stored  in  RAID  is  gathered  from  and  verified  by  a 
variety  of  sources.  The  topics  included  in  the  database  are 
retrievable  by  keywords  in  a  broad  range  of  technical  fields  and 
by  system  applications  of  interest.  PROJECT 
iSfFORMATION  -  includes  a  description  of  research  (both  an 
abstract  and  a  classification),  responsible  DoD  organization, 
performing  organization,  names  and  phone  numbers  of  the 
points-of-contact,  and  funding  information.  CONTACTS 
INFORMATION  -  includes  the  address,  phone  number, 
interest  areas,  and  electronic  email  address  of  individuals  and 
organizations  involved  in  robotics  and  AI  research  and 
development.  Database  users  can  select  and  combine 
information  to  meet  their  needs  by  direct,  on-line  access  or  by 
requesting  the  RAID  staff  to  tailor  report  formats  to  meet 
individual  user  requirements. 

The  RAID  database  is  installed  on  a  SUN  4/65 
computer  using  the  SUNOS  (UNIX)  operating  system.  The 
computer  is  accessible  via  the  DDN/MILNET  communications 
network  operated  by  the  DoD,  providing  users  throughout  the 
U.S.  with  distance-independent  access  to  the  database.  It  also 
permits  users  to  access  the  database,  their  electronic  mail  and 
other  computer  resources  when  they  travel.  RAID  data  is 
managed  by  INGRES,  an  advanced,  widely  used,  stable  and 
well-supported  relational  database  management  system.  Use  of 
the  RAID  database  varies  with  individual  user  requirements. 

Information  retrieval  is  the  primary  interest  of  most 
users.  RAID  is  accessed  via  an  on-line  menu  system,  which 
provides  easy  search  and  report  generation  controlled  by  tlic 


user.  Since  the  INGRES  interface  is  easy  to  use  (a  simple 
"forms"  interface  which  reduces  the  need  for  customized 
software)  many  users  can  search  through  the  database  on  their 
own.  Others  prefer  to  send  a  request  by  electronic  mail  to  the 
RAID  staff  for  database  queries  and  report  generation.  And 
finally  users  can  mail  new  or  updated  data  to  the  DACS  for 
entry  into  the  database. 

The  RAID  database  offers  services  and  products  to 
provide  the  user  with  an  increased  information  base  and 
increased  on-line  capabilities.  The  following  services  and 
products  are  currently  provided  at  no  cost  to  users: 

On-line  RAID  Access 


lAC  Staff  Search  and  Report  Generation 

Executive  Summary  Report 

Related  Projects  Executive  Summary  Report 

Electronic  Communication 

Events  Calendar 

Conference  Summaries 


Mailing  Address  Data  Files 

The  DACS  provides  the  availability  of  electronic 
mail  service  to  the  RAID  users  whose  locations  extend  across 
the  U.S.  This  service  provides  an  excellent  communications 
vehicle  with  which  to  coordinate  the  research  and  management 
of  robotics  and  AI  tasks.  On-line  access  to  RAID  is  limned  to 
government  personnel.  All  contractors  and  non-government 
employees  are  required  to  have  written  government  sponsor 
endorsement  for  report  services.  Additionally,  a  copy  of  the 
Militarily  Critical  Technology  (MCT)  clearance  form,  DoD 
Form  2345,  "Export  Controlled  DoD  Technical  Data 
Agreement"  for  their  organization  must  be  provided. 


To  receive  a  comprehensive  RAID   Informaiion 
Package,  please  contact: 

Ms.  Barbara  Radzisz 

RAID  Database  Administrator 

Data  &  Analysis  Center  for  Software 

P.O.  Box  120 

Utica,  NY  13503 

(315)734-3696 
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Spacing  Windings  Eveniy  in  Toroidai  Inductors 


Leakage  inductance  is  controlled. 

A  technique  for  winding  a  toroidal  induc- 
tor results  in  even  spacing  of  windings  around 
the  toroidal  core.  Even  spacing  minimizes 
the  proportion  of  leakage  inductance,  espe- 
cially if  the  core  has  relatively  low  permeabil- 
ity. The  new  winding  technique  is  useful,  for 
example,  in  minimizing  the  leakage  induc- 
tance of  an  inductor  containing  a  powder 
core,  intended  for  use  in  a  power  supply  op- 
erating at  a  frequency  between  250  kHz  and 
2  MHz. 

The  new  technique  involves  a  three-step 
winding  process.  First,  the  wire  (typically 
litz  wire)  to  be  wound  on  the  core  can  be 
covered  with  shrinkable  tubing.  (This  is  not 
practical  in  small  RF  units  where  only  a 
single  wire  is  used.)  Next,  the  wire  is  wound 
on  the  core  through  gaps  or  holes  in  an  align- 
ment disk  (or  disks)  that  enforce(s)  the  de- 
sired spacing  (see  figure).  Finally  heat  is  ap- 
plied to  shrink  the  tubing,  locking  the  wire 
in  place. 

This  work  was  done  by  W.T.  McLyman 
of  Caltech  for  NASA's  Jet  Propulsion 
Laboratory. 

This  invention  is  owned  by  NASA,  and 
a  patent  application  has  been  filed. 
Inquiries  concerning  nonexclusive  or 
exclusive  license  for  its  commercial 
development  should  be  addressed  to  the 
Patent  Counsel,  NASA  Resident  Office- 
JPL  Refer  to  NPO-17830/TN. 


ALIGNMENT  DISK  —  ALTERNATIVE  CONFIGURATIONS 


HeatShrinkable 
Tubing 


TOROIDAL  INDUCTOR  WOUND  WITH  DISK 


Alignment  Disks 

space  the  winding 
evenly,  and  heat- 
shrmkable  tubing 
locks  it  in  place. 
However,  shrink- 
able tubing  is  not 
necessary  to  get 
good  results. 
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Jet  Propulsion  Lab. 

NASA  Resident  Office 
Technology  Utilization 
Officer  Gordon  S. 
Chapman 
Mail  Stop  180-801 
4800  Oak  Grove  Drive 
Pasadena,  CA  91109 
(818)  354-4849 
Patent  Counsel 
Paul  F.  r^cCaul 
Mail  Code  180-801 
4800  Oak  Grove  Drive 
Pasadena,  CA  91109 
(818)  354-2734 


Technology  Utilization 
f\/lgr.  for  JPL  Norman 
L.  Chalfin 
Mail  Stop  156-211 
4800  Oak  Grove  Drive 
Pasadena,  CA  91109 
(818)  354-2240 


FOR  ADDITIONAL  INFORMATION:  Contact:  Director,  Technology  Transfer  Division,  P.O.  Box  8757, 
BWI  Airport,  MD  21240;  (301)  621-0100  Ext  241 

REFER  TO  THE  NUMBER  LISTED  AT  THE  END  OF  THIS  ARTICLE 
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Torque-Splitting  Gear  Drive 

Torque  is  transmitted  equally  along  two  paths  and  reconnbined. 


A  geared  drive  train  transmits  torque 
from  an  input  shiaft  in  equal  parts  along 
two  patlns  in  parallel,  then  combines  the 
torques  in  a  single  output  shaft.  This 
scheme  reduces  the  load  on  the  teeth  of 
the  meshing  gears  while  furnishing  redun- 
dancy to  protect  against  failures.  Such 
splitting  and  recombination  of  torques  is 
common  in  the  design  of  turbine  engines. 

Figure  1  illustrates  the  general  problem. 
A  driving  gear  transmits  torque  to  two 
second-stage  pinion  gears  mounted  on 
shafts  with  bull  pinion  gears.  The  bull  pinion 
gears  are  coupled  to  a  bull  gear,  which  is 


Bull 

'Gear  Bull 

Pinion 
Gear 


Second- 
stage 
Pinion 
Gears 


f\,> 


Figure  1.  This  Load-Sharing  Scheme  func- 
tions as  Intended  only  when  all  gears  are 
perfectly  sized,  shaped,  and  aligned.  The 
slightest  deviation  in  machining  tolerance 
can  cause  one  pinion  to  transmit  the  entire 
torque  load  while  the  other  essentially 
freewheels. 


mounted  on  the  output  shaft  of  the  drive 
train.  This  arrangement  is  unforgiving  of  er- 
rors in  the  lengths  of  arc  over  which  gears 
mesh.  Such  errors  lead  to  disproportionate 
torque  loads  on  the  bull  pinions. 

Figure  2  illustrates  a  scheme  that  equal- 
izes the  torque  transmitted  to  the  second- 
stage  pinion  gears.  In  this  scheme,  the  sim- 
ple driving  gear  of  Figure  1  is  replaced  by  a 
right-handed  and  a  left-handed  helical  driv- 
ing gear  on  a  common  shaft.  Rolling-ele- 
ment bearings  allow  this  shaft  to  move  ax- 
ially  to  a  small  extent.  Torque  is  coupled 
into  this  shaft  from  the  motor  or  turbine 
either  directly  or  through  a  spline  and  a 
flexible  coupling,  which  also  allow  for  small 
axial  motion. 


When  one  of  the  two  seconc^stage  pinion 
gears  is  more  heavily  loaded  by  its  helical 
driving  gear  than  is  the  other  of  the  two 
second-stage  pinion  gears,  the  inequality 
in  the  load  exerts  a  net  axial  force  on  the 
common  shaft.  This  force  moves  the  shaft 
axially  by  a  slight  annount  until  the  load  is 
equalized  and  the  net  axial  force  vanishes. 
The  free  axial  range  of  the  common  shaft 
allows  it  to  move  continually  to  maintain 
equal  loading  of  both  second-stage  pin- 
ions. 

This  work  was  done  b^  J.  Kish  of  United 
Teclinologies  for  tlie  Army  Propulsion 
Directorate  at  Lewis  Research  Center 
LEW-14908/TN 
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Figure  2.  This  Torque-Splitting  Drive  provides  for  the  transmission  of  equal  torques  from  the 
engine  to  the  two  second-stage  pinion  gears. 


FOR  ADDITIONAL  INFORMATION:  Contact:  Director.  Technology  Transfer  Division.  PC  Box  8757. 
BWI  Airport,  MD  21240:  (301)  621-0100  Ext.  241 
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NIST  Technology  Update    ^loTr; 

National  Institute  of  Standards  &  Technology 

U.S.  Department  of  Commerce.  Gaithersburg,  MP  20899 

'Expect'  Automates  Interactive  Programs 


'Expect,'  a  software  tool  for  automating  interactive  programs,  is  available  on  request  from  the 
NIST  Manufacturing  Engineering  Laboratory.    Expect,  originally  designed  to  automatically  log  in 
NIST's  Automated  Manufacturing  Research  Facility  computers,  runs  on  UNIX  systems  but  can 
also  control  non-UNIX  computers  and  networks.    NIST  scientist  Don  Libes,  creator  of  Expect, 
says  the  software  "uses  a  script  -  much  like  a  movie  script  -  to  simulate  a  human  interacting 
with  a  computer.    An  important  difference  is  that,  unlike  a  movie  script.  Expect  scripts  can 
describe  alternatives  and  then  'play'  differently  each  time  as  they  adapt  to  the  situation."    Since 
last  April,  over  1,600  sites  have  requested  Expect. 

FOR  ADDITIONAL  INFORMATION:  Requests  should  be  sent  to  Don  Libes,  A127  Metrology  BIdg., 
NIST,  Gaithersburg,  MD  20899  or  library@cme.nist.gov. 
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Beam  Splitter  for  Welding-Torch  Vision  System 

Illumination  for  previews  could  be  directed  along  the  torch. 


A  connpact  welding  torch  equipped  with 
an  along-the-torch  vision  systenn  includes 
a  cubic  beam  splitter  to  direct  preview  light 
on  the  weldment  and  to  reflect  light  com- 
ing from  the  welding  scene  for  imaging.  The 
beam  splitter  is  integral  with  the  torch;  it  re- 
quires no  external  mounting  brackets.  The 
torch  is,  therefore,  exceptionally  compact. 

The  beam  splitter  is  inside  the  torch  at 
the  right-angle  bend  in  the  torch  housing 
(see  figure).  It  directs  light  from  a  lamp,  in 
a  beam  concentric  with  the  welding  torch, 
onto  the  weld  path.  It  collects  the  same  light 
after  reflection  from  the  workpiece  and  di- 
verts it  into  a  system  of  lenses  in  the  torch. 
A  video  camera  processes  the  reflected 
beam  and  converts  it  into  an  image  of  the 


weld. 

The  beam  splitter  is  rugged  and  with- 
stands vibrations  and  a  wide  range  of  tem- 
peratures. It  is  a  commercially  available,  rea- 
sonably priced  item  that  comes  in  a  variety 
of  sizes  and  optical  qualities  with  antireflec- 
tion  and  interference-filter  coatings  on  the 
desired  faces.  It  can  be  made  to  provide 
50  percent  transmission  and  50  percent 
reflection  of  the  incident  light  to  exhibit  min- 
imal ghosting  of  the  image. 

This  work  was  done  by  Jeffrey  L  Gilbert 
of   Rockwell    International    Corp.    for 
Marshall  Space  Flight  Center. 
MFS-2964irTN 


The  Mirror  Directs 
Light  From  the  Lamp 

into  the  cubic  beam 
splitter,  which  passes 
the  light  directly  to 
lenses,  the  torch  cup. 
and  the  workpiece. 
The   beam   splitter 

turns  reflected  light  90 \  directing  it  into  the 

camera  optics. 


FOR  ADDITIONAL  INFORMATION:  Contact:  Director.  Technology  Transfer  Division.  P.O.  Box  8757, 
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Flexible  Interior-lmpression-IVIolding  Tray 

Weld  joints  in  cavities  can  be  examined  nondestructively. 


Yet  another  device  and  its  method  of  op- 
eration have  been  added  to  the  variety  of 
techniques  for  making  impression  molds  of 
otherwise  inaccessible  interior  surfaces. 
This  latest  device  is  used  inside  a  combus- 
tion chamber  of  complicated  shape  for  the 
nondestructive  evaluation  of  the  qualities 
of  welds,  including  such  features  as  offset, 
warping,  misalignment  of  parts,  and  drop- 
through. 

The  device  includes  a  flexible  polyprop- 
ylene tray  trimmed  to  fit  the  desired  interi- 
or surface  contour  Two  neodymium  boron 
magnets  V2  in.  (12.7  mm)  or  Va  in.  (19  mm) 
in  diameter  and  an  inflatable  bladder  are 
attached  to  the  tray  (see  figure).  In  opera- 
tion, a  video  borescope  (not  shown  in  the 
figure)  is  first  used  to  identify  the  surface 
to  be  inspected.  Next,  the  impression-mold- 
ing material  —  a  quick-setting,  very-high- 
viscosity  silicone  —  is  prepared  by  mixing 
Citricon  base  (or  equivalent)  putty  with  the 
amount  of  accelerator  required  to  obtain  a 
setting  time  of  10  to  20  minutes. 

The  tray  is  loaded  with  impression-mold- 
ing material  and  inserted  in  the  cavity.  View- 
ing the  interior  of  the  cavity  through  the  bore- 
scope,  the  technician  guides  the  tray  to  the 
surface  to  be  inspected  with  the  aid  of  two 
external  neodymium  boron  magnets.  Using 
a  60<:m3  plastic  syringe  wflth  a  check  valve, 
the  technician  pumps  air  into  the  bladder 
The  bladder  becomes  inflated,  pressing  the 
flexible  tray  and  its  putty  against  the  sur- 
face to  be  inspected.  After  the  10-  to  20- 
minute  setting  time,  the  technician  deflates 
the  bladder  and  extracts  the  tray  from  the 
cavity  with  the  help  of  a  tether  The  accurate 
impression  of  the  wall  on  the  putty  is  then 
examined. 


Combustion 
'  Chamber 


( 


60-cm3 

Syringe 


This  work  was  done  by  Jeffrey  E. 
Anders  of  Rockwell  International  Corp.  for 
Marshall  Space  Flight  Center. 

Inquiries  concerning  rigtits  for  the 
commercial  use  of  this  invention  should 
be  addressed  to  the  Patent  Counsel, 
Marshall  Space  Flight  Center  Refer  to 
MFS-29679/TN. 


George  C.  Marshall 
Space  Flight  Center 

Technology  Utilization 

Officer  Ismail  Akbay 

Code  AT01 

Marshall  Space  Flight 

Center, 

AL  35812 

(205)  544-2223 


The  Tray  and  Putty 

are  inserted  in  a  cav- 
ity to  make  a  mold  of 
the  interior  surface. 


Patent  Counsel 
Leon  D.  Woftord,  Jr. 
Mail  Code  CC01 
Marshall  Space  Flight 
Center, 
AL  35812 
(205)  544-0024 
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Monitoring  Weld  Penetration  Via  Gas  Pressure 

Jumps  in  pressure  in(dicate  whether  full  penetration  has  been  achieveid  or  lost. 


A  welding  monitor  uses  pressure  on  tine  back  side  of  a 
weldment  to  monitor  the  penetration  of  the  weld.  The  pres- 
sure-monitoring system  was  devised  to  ensure  full  penetra- 
tion along  the  full  lengths  of  weld  joints,  when  direct  observa- 
tion of  their  back  sides  by  visual  inspection,  x  rays,  or  fiber 
optics  is  not  possible. 

The  system  operates  on  the  principle  that  the  pressure  of 
the  inert  purge  gas  flowing  through  the  cavity  on  the  back  of 
the  weldment  decreases  sharply  the  instant  a  weld  keyhole  is 
established,  indicating  full  penetration.  When  the  keyhole 
closes,  the  pressure  rises  suddenly,  indicating  that  full  pene- 
tration has  been  lost.  The  information  gained  by  use  of  the 
monitor  can  be  used  in  the  initial  development  of  welding 
parameters  or  during  production  as  a  safeguard. 

This  work  was  done  by  J.  Ben  Coby,  Jr.,  and  Douglas  M.  Todd 
by  Rockwell  International  Corp.  for  Marshall  Space  Flight 
Center. 

Inquiries  concerning  rigtits  for  the  commercial  use  of  this 
invention  should  be  addressed  to  the  Patent  Counsel,  Marshall 
Space  Flight  Center  Refer  to  MFS-29683/TN. 
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PENETRATION  MONITOR 


-Full-Penetrallon  Keyhole  Established 


EXAMPLE  OF  PRESSURE  TRACE 


A  Sensor  Continuously  Measures  the  pressure  of  the  inert  gas  flowing 
through  the  cavity  on  the  back  of  a  weldment.  A  sudden  drop  on  the 
pressure  chart  means  that  the  weld  pool  has  fully  penetrated;  a  sudden 
rise  means  that  the  pool  no  longer  extends  through  the  joint. 


FOR  ADDITIONAL  INFORMATION:  Contact:  Director,  Technology  Transfer  Division,  P.O.  Box  8757. 
BWI  Airport,  MD  21240;  (301)  621-0100  Ext  241 

REFER  TO  THE  NUMBER  LISTED  AT  THE  END  OF  THIS  ARTICLE 
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0    Technology  Application 


Idaho  National  Engineering  Laboratory 


Ceramic  Whiskers 


Research  began  in  early  1990  at  the 
Idaho  National  Engineering  Labora- 
tory to  convert  a  mixture  of  silicon  car- 
bide (plus  additives)  powder  into  small 
diameter  single  crystal  silicon  nitride 
filaments  by  heat  treating  the  powder. 
This  process  was  discovered  when  the 
researcher  was  conducting  a  study  to 
sinter  a  pellet  of  pressed  powders  by 
heating  them  to  a  sufficient  tempera- 
ture to  produce  liquefaction.  The  ex- 
periment failed  to  densily  the  pellet; 
however,  when  the  f)ellet  was  fractured 
and  examined  using  a  scanning 
electron  microscope,  some  small  crys- 
tal filament  (whisker)  growth  was 
found.  Research  was  then  conducted 
to  examine  the  p>ellets  to  quantify  the 
amount  and  location  of  whisker 
growth,  which  also  included  a  study  of 
the  influence  of  impurities  in  the  pow- 
ders upon  the  growth  of  the  whiskers, 
the  influence  upon  whisker  morphol- 
ogy, and  maximization  of  wlusker 
growth.  Initial  experiments  are 
planned  to  demonstrate  how  high 
volume  fraction  whisker  pellets 
(preforms)  could  be  used  to  fabricate 
composites.  Work  is  planned  for  both 
ceramic  matrix  and  metal  matrix  com- 
posites. 

Ceramic/ceramic  composites  are  fabri- 
cated mainly  to  decrease  sensitivity  of 
the  ceramic  matrix  to  brittle  failure 
(i.e.,  increase  the  fractiu-e  toughness 
and  strain  to  failure).  This  is  also  true 
when  using  brittle  intermetallics  as  a 
matrix  material.  However,  whisker 
reinforcement  can  increase  the 
strength  and  modulus  of  an  intermetal- 
lic. 

Ceramic/ceramic  composites  could  be 
used  in  a  variety  of  applications,  in- 
cluding: 


Cutting  and  shredding  tool  inserts. 
These  inserts  can  be  used  to  cut  high- 
nickel  superalloys  or  other  exotic 
materials  at  high  sf)eeds  and  efficien- 
cies. 

Wear-parts.  Wear  parts  slide,  turn,  or 
spray,  and  include  seals,  valves,  noz- 
zles, thread  guides,  bearings,  liners, 
and  radomes. 

Heat  Exchanges.  Heat  exchangers  and 
associated  technologies  can  save  ener- 
gy by  capturing  industrial  waste  heat 
and  using  it  elsewhere. 

Ceramics  are  especially  useful  at  high 
temperatiu-es  where  gas  impurities  can 
cause  corrosion  and  erosion.  Higher 
oil  prices  could  spur  industrial  invest- 
ment in  this  area. 

Heat  Engines.  The  best  uses  are  for 
diesel  and  turbine  engine  components. 
The  area  in  which  ceramics  would 
most  likely  be  used  is  diesel  hot-sec- 
tion comp>onents.  Other  areas  involve 
ceramic  valve  train  components,  piston 
caps,  cylinders,  and  liners.  Turbines 
often  bum  heavily  contaminated  fuels 
that  corrode  metals. 

Military.  Ceramic  insulated  engines 
could  be  used  for  tanks  and  transports 
(similar  to  those  listed  above).  Other 
uses  include  radomes  and  armor. 

Ceramic/metal  composites  are  fabri- 
cated to  increaise  the  specific  strength 
and  modules  of  various  metals.  Often 
this  increase  continues  to  elevate 
temperatures.  Apphcations  include: 

Aerospace.  There  are  ongoing  pro- 
jects directed  toward  the  development 
of  ceramic/metal  composites  for 
airframes,  skins,  and  engine  parts.  Jet 
or  turbine  parts  include  rotors,  stators, 
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disks,  and  motor  shells.  Specialized 
parts  are  needed  for  the  NASP  plane, 
the  space  station,  and  the  space  ex- 
ploration initiative. 

Automotive.  Automotive  use  includes 
pistons,  connecting  rods,  and  possibly 
frames  (if  the  price  associated  is  low 
enough). 

Military  and  other.  The  military  is 
developing  high  p>erformance  mirrors 
for  infrared  detection  and  sighting  sys- 
tems, space-based  lasers,  space  tele- 
scop)es,  portable  bridges,  and  vehicular 
components  (including  armor). 


The  information  generated  during  this 
research  can  be  used  to  determine  the 
future  direction  of  the  project  and  to 
best  select  a  few  of  the  composite  ap- 
plications listed  above.  Assuming  suc- 
cess in  achieving  the  above  objectives, 
a  determination  would  be  made 
regarding  the  best  mode  of  further 
whisker  and  composite  development. 


For  further  information,  call  Dick  Hol- 
man  at  (208)  526-1571. 


Licensing 
Opportunity 


Technology  Application 


Lawrence  Berkeley  Laboratory 

Easy  Fabrication  of  Anisotropic  Membranes 

Using  Unique  Thermal-Inversion  Process 

Researchers  at  Lawrence  Berkeley  Laboratory  can  fabricate  microporous  anisotropic  polymer 
membranes  using  a  new,  flexible,  cost-effective  process.    By  using  a  controlled  reduction  in 
temperature  to  coagulate  thie  polymer,  tfiis  unique  thermal-inversion  process  allows  precise 
formulation  of  membrane  pore  size,  pore  distribution,  and  chemical  composition.    The 
performance  of  these  membranes,  consistently  produced  to  predetermined  specifications,  is 
unequalled  by  those  presently  available.    Thermally-cast  membranes  can  be  fabricated  with 
precisely  controlled  pore  sizes  and  porosity  gradients  using  this  model. 

Polymer  membranes  with  a  diverse  array  of  pore  configurations  are  essential  components  in  a 
vast  range  of  filtration  and  separation  operations.    Anisotropic  polymer  membranes, 
characterized  by  intramembrane  pore-size  gradients,  are  particularly  useful  for  streamlining 
(combining)  operations  involving  both  microfiltration  and  ultrafiltration  processes.     Current 
methods  of  membrane  fabrication  are  governed  by  complicated  mass  transfer.    In  contrast,  the 
LBL  process  is  easy  to  control  and  results  in  a  consistent  predictable  product. 


Current  Method 


LBL's  Method 


CompUcated  Phase-Inversion  Process 


Simple  Thermal  Process 
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SichcmasXc  dioffom.  of  the  formadon  of 
itructured  polymer  membranes  through  the 
currently  used,  phase-inversion  process.   The 
phase-separation  front  propagates  from  the  face 
exposed  to  the  ruyrxsoltKnt  coagulara  bath, 
which  extracts  the  solvent  from  the  original 
casting  solxaion.   Since  fabrication  is  governed 
ty  corr^)licated  tnasi  trarufer,  the  product 
merrxbranes  have  unprediaMe  morphologies 
and  variable  pore-size  distributioru .   Film 
shrinkage  and  microcrack  defects  often  plague 
the  product. 


Thermal  /y 

Insulator  /y 

I 


^Qr 


.Simple  Radiaru 
Heac  Loss 


Cooling 
Medium 


Thermal 
-Conductor 


Homogeneous  Phase  Separated 


Schematic  diagram  of  the  formation  of 
structured  polyrrier  membrarxes  through  the 
thermal- casting  process.   Heat  is  removed 
through  the  thm  conductmg  surface , 
whereby  phase  separation  is  mitiated.  while 
the  backside  terr^>erature  is  protected  b\  the 
insulating  substrate .   Merrdrrar\e  morpholo- 
pes  ar\d  cherrucal  properties  of  the  produa 
membrane  are  complelAy  cxmlroUable . 
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A  predetermined  concentration  of  polymer  solution  in  a  compatible  solvent  is  heated  and  cast 
onto  a  solid  support.  The  temperature  on  one  face  of  the  coating  is  then  lowered  to  a  point  below 
the  phase  separation  envelope,  while  the  other  face  is  insulated.   Since  faster  rates  of  cooling 
produce  smaller  pore  sizes,  the  pore  size  profile  of  the  resultant  membrane  is  a  gradient,  with 
larger  pores  closer  to  the  face  of  the  membrane  that  was  insulated  during  cooling,  and  smaller 
pores  closer  to  the  face  where  the  cooling  was  initiated. 

Asymmetric  membranes  with  graded  pore  size  profiles  and  a  thin  dense  working  skin  can  be 
obtained  from  a  variation  of  the  basic  LBL  thermal-inversion  process. 

After  coagulation,  a  quick  high  temperature  pulse  may  be  applied  to  the  insulated  side  of  the 
membrane  to  create  an  asymmetric  membrane  containing  a  dense,  relatively  nonporous  skin 
layer.    The  skin  density  will  vary  with  the  temperature  and  duration  of  the  pulse.    Such 
membranes,  which  retain  the  advantages  of  high  flux  rates  as  well  as  high  separation  efficiency, 
are  extensively  used  in  energy-related  applications,  such  as  gas  separations,  seawater 
desalination,  and  concentration  of  biotechnology  products. 

Advantages  include  control-related  factors,  such  as  the  method  being  free  of  nonsolvents  -  pore 
configuration,  pore  size,  or  the  chemical  properties  of  the  product  membrane  are  completely 
controllable.  A  range  of  desired  morphologies  can  be  produced  and  controlled.  The  thickness  of  a 
working  skin  layer  is  easily  controlled  by  varying  the  degree  and  duration  of  a  thermal  pulse. 
Variation  in  the  temperature  histories  can  be  used  to  produce  specific  membranes  with  different 
but  predictable  morphologies. 

Advantages  also  include  flexibility.  By  varying  the  initial  polymer  concentration  or  the  cooling 
rate,  different  membrane  structures  can  be  formed:  isotropic  or  anisotropic,  porous  or  dense. 
The  membranes  have  a  unique  open  pore  structure,  unlike  any  commercially  available 
membranes.  They  can  separate  or  purify  high  fluxes  of  mixtures  while  maintaining  high 
separation  efficiencies.  Working  surface  can  be  easily  modified  -  re-heat  the  surface  material 
and  then  re-execute  the  temperature  program  on  one  face  to  obtain  the  specific  desired  results. 
A  wide  variety  of  polymers  and  solvents  may  be  used  in  the  process. 

Durability  is  another  advantage.    The  more  porous  substructure  supporting  the  thin  working 
surface  lends  mechanical  stability  to  the  entire  separation  material. 

The  LBL  process  is  simple  and  inexpensive.    LBL's  thermal-inversion  process  yields 
reproducible  membranes  with  high  porosities.    It  requires  fewer  chemicals,  and  is  thereby  less 
expensive  than  other  methods. 

Applications  include  desalinization  of  water  by  reverse  osmosis,  dialysis,  controlled  drug 
release,  concentration  of  biological  macromolecules,  generation  of  ultra-pure  chemicals  by 
removal  of  particulates  for  clinical  application  and  microelectronic  fabrication,  and  hollow 
fiber  construction. 

Hollow  fiber  applications  require  continued  development  work  for  optimum  potting  process. 
The  Technology  Transfer  Office  is  currently  seeking  companies  interested  in  licensing  this 
unique  process. 

FOR  ADDITIONAL  INFORMATION:   For  further  information  contact:  Mark  Owens,  Technology 
Transfer  Office,  Lawrence  Berkeley  Laboratory,  1  Cyclotron  Road,  Mail  Stop  90-1076, 
Berkeley,    CA    94720;    (415)486-6463. 


Licensing 

U.S.  Army  Fact  Sheet opportunity 

Army  Communications-Electronics  Command 

Method  of  Protecting  Optical  Fibre  Against  Stress 
Corrosion 


The  present,  invention  relates  to  a  method  of  protecting  optical 
■fibre  against  stress  corrosion.   A  more  particular  object  of  the 
invention  is  to  provide  such  a  method  that  will  substantially  reduce 
permeation  of  moisture  vapor  to  the  glass  fiber  while  acting  as  a 
buffer  in  reducing  both  stress  corrosion  and  microbending  loss.   A 
further  object  of  the  invention  is  to  provide  such  a  method  that 
results  in  fib£?rs  suited  for  radio  communication  systems. 

STATE  OF  DEVELOPMENT 

The  method  has  been  verified  by  laboratory  experiment  and 
preliminary  testing  of  the  coatings  completed. 

APPLICATIONS 

The  invention  can  be  used  in  general  fiber  optic  communication 
systems  where  there  exists  a  high  concentration  of  moisture. 
Parti  cul  ai-1  y ,  the  invention  can  be  used  to  coat  fibers  designed  for 
use  in  intra-city  communication  systems  that  are    deployed  through 
underground  tunnels  that  lie  beneath  the  city  boundaries. 

PATENT  STATUS 

U.S.  Patent  Number  4,469,724 


FOR  ADDITIONAL  INFORMATION:  Charles  Grzenda,  Chief,  Office  of  Research  and  Technology 
Applications,  Center  for  C3  Systems,  ATTN:    AMSEL-RD-C3-SD,  Fort  Monmouth,  NJ  07703, 
Telephone:    (908)544-3119.    Refer  to  Assessment  No.  006. 
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IWNSATech  Brief 

National  Aeronautics  and 
Space  Administration 

Lewis  Research  Center,  Cleveland,  Ohio 


Improved  Metallography  of  Thermal-Barrier  Coatings 

Pores  induced  by  the  metallographic  treatment  can  be  distinguished  fronn  those  already  present. 


A  new  technique  for  the  preparation  of 
metallographic  samples  makes  the  inter- 
pretation of  images  of  pores  and  micro- 
cracks  more  reliable.  The  technique  was 
developed  for  the  inspection  of  plasma- 
sprayed  ceramic  thermal-barrier  coatings 
on  metals  but  is  applicable  to  other  porous, 
translucent  materials,  including  many  im- 
portant ceramics. 

All  metallographic  techniques  pull  some 
material  out  of  the  surface  of  the  thermal- 
barrier  coating  sections  during  preparation. 

Previously,  this  pull-out  damage  was  diffi- 
cult to  distinguish  from  pores  produced  dur- 
ing plasma-sprayed  manufacturing.  There- 
fore, estimates  of  the  shape  and  amount 
of  porosity  in  a  coating,  factors  closely  re- 
lated to  coating  durability,  were  subject  to 
uncertainty. 

The  new  technique  involves  the  use  of 
vacuum  epoxy  infiltration  and  interference- 
film  coating  to  reduce  the  uncertainty.  A 
specimen  is  first  infiltrated  with  epoxy  in 
a  vacuum  to  fill  the  interconnected  pores 
induced  during  manufacture.  The  speci- 
men is  then  sectioned,  mounted  in  epoxy 
and  polished  according  to  procedures  de- 
signed to  minimize  damage.  Finally,  the 
specimen  is  coated  with  an  optical-inter- 
ference film. 


The  film  increases  the  contrast  between 
the  various  phases  in  the  polished  section, 
making  it  easier  to  distinguish  between 
epoxy-filled  (manufacturing-induced)  pores 
and  unfilled  (metallographically  damaged 
or  manufacturing-induced  but  unconnect- 
ed) pores.  The  appearance  of  the  phases 
in  the  polished  section  depends  on  the 
thickness  of  the  interference  film. 

As  the  figure  shows,  micrographs  of  the 
same  specimen  made  by  two  other  tech- 
niques show  less  than  does  a  micrograph 
made  with  the  infiltration-and-interference- 
film  technique.  In  the  bright-field-illumina- 
tion micrograph,  at  the  top  of  the  figure,  all 
porosity  appears  dark,  and  there  are  no 
distinctive  features  to  guide  the  interpreta- 
tion of  the  image.  To  make  the  image  at  the 
middle  of  the  figure,  the  specimen  was  in- 
filtrated with  fluorescent  epoxy,  the  fluores- 
cence of  which  combines  with  the  trans- 
lucence  of  the  coat  to  obscure  the  structure 
of  the  coat.  The  new  technique  was  used 
to  make  the  image  at  the  bottom  of  the  fig- 
ure in  which  the  epoxy-filled  interconnected 
pores  and  microcracks  appear  bright  and 
only  the  unfilled  pores  appear  dark. 

This  work  was  done  by  William  J. 
Brindley  of  Lewis  Research  Center  and 
Todd  A.  Leonhardt  of  Sverdrup 
Technologies.  LEW-15006/TN 
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All  Pores  in  This  Metallographic  Specimen 

viewed  by  conventional  illumination  appear 
dark.  When  the  specimen  is  infiltrated  by 
fluorescent  epoxy,  pores  are  masked  by  the 
fluorescence.  When  the  specimen  is  pre- 
pared by  the  epoxy-infiltration-and-interfer- 
ence-film  technique,  unfilled  pores  appear 
dark  while  filled  pores  (those  produced  dur- 
ing manufacture)  appear  bright. 


FOR  ADDITIONAL  INFORMATION:  Contact:  Director.  Technology  Transfer  Division,  P.O.  Box  8757, 
BWI  Airport,  MD  21240,  (301)  621-0100  Ext.  241 

REFER  TO  THE  NUMBER  LISTED  AT  THE  END  OF  THIS  ARTICLE 
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IMASATech  Brief 

National  Aeronautics  and 
Space  Administration 

NASA 's  Jet  Propulsion  Laboratory,  Pasadena,  California 


Licensing 
Opportunity 


IVIaking  Three-Layer  Solid  Electrolyte/Electrode  Sandwiches 

Compositions  and  particle  sizes  are  adjusted  for  sintering  at  a  common  temperature. 

A  tape-casting-and-sintering  process 
joiris  two  ceramic  materials  having  widely 
different  sintering  temperatures  into  an  in- 
tegral sandwich  structure.  Although  mono- 
lithically  joined,  the  layers  retain  their  iden- 
tities, without  migration  of  constituents. 

The  method  is  used  to  make  a  three- 
layer  structure  composed  of  outer  porous 
layers  of  strontium-doped  lanthanum  man- 
ganite  and  an  inner  dense  layer  of  yttria- 
stabilized  zirconia  (see  figure).  Such  struc- 
tures could  be  used  to  make  electrolytic 
and  fuel  cells  with  solid  electrolytes  for  use 
at  high  temperatures.  In  a  cell,  the  porous 
outer  layers  are  the  electrodes,  and  the 
dense  inner  layer  is  the  electrolyte.  Other 
potential  applications  include  oxygen 
pumps  and  oxygen  sensors. 

Ordinarily  tape-cast  zirconia  powder  re- 
quires a  sintering  temperature  of  at  least 
1,400  °C  to  produce  a  dense  layer,  where- 
as manganite  powder  condenses  to  an 
overly  dense  layer  at  that  temperature. 
Moreover,  manganese  migrates  into  the 
zirconia  layer,  adversely  affecting  electri- 
cal properties.  In  the  new  method,  the  sin- 
tering temperature  of  the  zirconia  is  low- 
ered by  using  a  slip  composed  of  submi- 
cron-size  powder  particles  with  a  minimum 
amount  of  binder  and  plasticizer.  The 
sintering  temperature  of  the  manganite  is 
raised  by  using  a  slip  made  up  of  larger, 
micron-size  particles  in  a  large  amount  of 
binder  and  plasticizer. 

The  strontium-doped  lanthanum  man- 
ganite powder  is  coarsened  by  presinter- 
ing  for  2  h  at  1,250  °C  and  crushing  the 
product  just  enough  for  it  to  pass  through  a 
53-Mm  screen.  It  is  mixed  with  a  commer- 
cial polyvinyl  butyral  binder/plasticizer, 
stirred  without  breaking  the  coarsened 
particles,  degassed,  and  cast  on  glass  by  a 
tape-casting  machine.  After  drying,  the 
tape  contains  50  to  65  percent  by  volume 
of  ceramic  material  and  35  to  50  percent 
organic  binder  and  plasticizer. 

IVIeanwhile,  the  fine  yttria-stabilized  zir- 
conia powder  is  mixed  in  a  solvent  with  a 
dispersant  such  as  menhaden  fish  oil  and 
ball-milled  to  break  up  agglomerated  par- 
ticles. The  zirconia  slip  is  degassed  and 
spread  over  the  manganite  tape  by  the 
tape-casting  machine. 

When  the  zirconia  layer  is  dry  enough 


Magnified  Cross  Sections  of  the  ceramic  sandwich  show  porous  strontium-doped  lantha- 
num manganite  on  the  outside  and  dense  yttria-stabilized  zirconia  on  the  inside.  The  layered 
ceramic  is  sintered  at  a  temperature  100  "C  below  the  normal  sintering  temperature  for  zirco- 
nia. 


not  to  run  when  handled,  the  tape  is  folded 
in  half  so  that  a  double  layer  of  zirconia  is 
sandwiched  between  two  manganite  lay- 
ers. The  sandwich  is  pressed  lightly  to  drive 
out  excess  air,  then  dried  in  air.  The  dry 
sandwich  is  pressed  at  3,000  to  5,000  psi 
(21  to  34  f^Pa)  and  sintered  in  air  for  6  h  at 
1,300°C. 

At  this  sintering  temperature,  the  man- 
ganite does  not  decompose,  and  manga- 
nese therefore  does  not  diffuse  into  the  zir- 
conia layer.  After  sintering,  the  density  of 
the  resulting  porous  manganite  layer  is  50 
to  60  percent  of  the  theoretical,  and  the 
density  of  the  zirconia  layer  is  98  percent  of 
the  theoretical. 

This  work  was  done  by  James  E. 
Schroeder  of  Caltech  for  NASA's  Jet  Pro- 
pulsion Laboratory. 

In  accordance  with  Public  Law  96-517, 
the  contractor  has  elected  to  retain  title 
to  this  invention.  Inquiries  concerning 
rights  for  its  commercial  use  should  be 
addressed  to 


Edward  Ansell 

Director  of  Patents  and  Licensing 
Mail  Stop  305-6 

California  Institute  of  Technology 
1201  East  California  Boulevard 
Pasadena,  CA  91125 
Refer  to  NPO-17078/TN. 

Jet  Propulsion  Lab. 

NASA  Resident  Office 
Technology  Utilization 
Officer  Gordon  S. 
Chapman 
Mail  Stop  180-801 
4800  Oak  Grove  Drive 
Pasadena,  CA  91109 
(818)  354-4849 
Patent  Counsel 
Paul  F.  McCaul 
Mail  Code  180-801 
4800  Oak  Grove  Drive 
Pasadena.  CA  91109 
(818)  354-2734 
Technology  Utilization 
Mgr.  for  JPL  Norman 
L.  Chalfin 
Mail  Stop  156-211 
4800  Oak  Grove  Drive 
Pasadena.  CA  91109 
(818)  354-2240 
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BWI  Airport.  MD  21240;  (301)  621-0100  Ext  241 
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Making  IVIulllte  Fibers  by  Airgap  Wet  Spinning 

Neither  melting  nor  a  dangerous  solvent  is  required. 


A  proposed  process  would  make  contin- 
uous mullite  (AlgSi20i3)  fibers  that  would  re- 
tain structural  integrity  at  temperatures  up 
to  and  somewhat  beyond  1,300  °C.  Here- 
tofore, mullite  fibers  have  tDeen  made  by  melt 
spinning  (which  requires  high  temperatures) 
and  dry  spinning  (which  requires  a  danger- 
ous solvent  like  toluene  or  benzene). 

The  proposed  process  would  make  highly 
pure  mullite  fibers,  without  melting  and  with- 
out a  dangerous  solvent.  Instead,  it  would 
involve  airgap  wet  spinning  of  an  alumina/sil- 
ica sol/gel  mixture.  The  mixture  would  be  ex- 
truded through  a  single-hole  spinneret  into 


a  spin  bath  of  deionized  water  and  polyethy- 
leneimine,  where  it  would  be  converted  to 
gel  fiber.  Continuing  on  its  way,  the  gel  fiber 
would  be  wound  onto  a  package.  Later,  the 
gel  fiber  would  be  unwound  from  the  spool 
and  fed  through  a  tube  furnace,  where  it 
would  be  converted  to  mullite. 

This  work  was  done  by  Dennis  S. 
Tucker  and  J.  Scott  Sparks  of  Marshall 
Space  Flight  Center. 

Inquiries  concerning  riglits  for  tfie 
commercial  use  of  this  invention  should 
be  addressed  to  the  Patent  Counsel,  Mar- 
shall Space  Flight  Center  Refer  to 
MFS-28431/TN. 


George  C.  Marshall 
Space  Flight  Center 

Technology  Utilization 

Officer  Ismail  Akbay 

Code  AT01 

Marshall  Space  Flight 

Center, 

AL  35812 

(205)  544-2223 

Patent  Counsel 

Leon  D.  Wofford,  Jr. 

Mail  Code  CC01 

Marshall  Space  Flight 

Center, 

AL  35812 

(205)  544-0024 


FOR  ADDITIONAL  INFORMATION:  Contact:  Director,  Technology  Transfer  Division,  P.O.  Box  8757, 
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Silicon  Carbide  Threads  for  High-Temperature  Service 

New  thread  material  outperforms  silica. 


Sewing  ttnreads  containing  silicon  car- 
bide (SIC)  yarn  can  withstand  tempera- 
tures ot  more  than  1,100  °C.  The  new  SiC 
threads  are  intended  for  use  in  stitching 
thermally  insulating  blankets,  replacing 
silica  threads,  which  cannot  withstand 
temperatures  ^  650  °C. 

Silicon  carbide  seemed  an  attractive 
thread  material  for  such  service  from  pre- 
vious studies,  which  showed  that  SiC  fabric 
surfaces  can  survive  higher  heating  loads 
than  silica  fabric  can.  For  example,  expo- 
sure to  a  heating  rate  of  37  W/m^  pro- 
duced no  observable  deterioration  of  SiC 
fabric,  while  silica  fabric  became  brittle 
after  exposure  to  10  W/m^.  The  higher 
emissivity  of  SiC  is  a  further  advantage, 
allowing  the  material  to  radiate  heat  at  a 
higher  rate  than  silica  can. 

A  900-denier  (0.1  g/m)  SiC  yarn  was 
used  to  make  a  series  of  test  threads  that 
were  two-ply-twisted  to  various  degrees. 
The  tests  showed  that  a  SiC  sewing  thread 
requires  a  combination  of  the  following: 
•  Optimum  twist  level  for  strength  and  bal- 
ance (a  balanced  thread  hangs  in  a  loop 
without  kinking,  doubling,  or  twisting  on  it- 
self); and 


Silicon  Carbide  Threads  were 
evaluated  partly  by  using  them 
to  sew  quilted  insulating  blan- 
kets. 

•  A  suitable  processing  aid  —  a  sizing  or 
overwrap  of  service  yarn  —  to  minimize 
damage  to  the  thread  and  fabric  during 
machine  sewing. 

A  twist  level  of  122  turns  per  meter  was 
found  to  offer  the  highest  strength  attain- 
able simultaneously  with  acceptable  thread 
balance.  Two  processing  treatments  — 
sizing  with  polytetrafluoroethylene  and 
overwrapping  with  rayon/dacron  service 
yarn  —  were  evaluated  for  use  as  aids  to 
machine  sewing.  Threads  thus  treated 
maintained  higher  break  strengths  than  did 
untreated  threads,  over  the  entire  temper- 
ature range  at  which  the  threads  were  test- 
ed (room  temperature  to  1,200  °C).  Both 
types  of  treated  thread  were  acceptable  in 
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sewing  trials,  although  the  use  ot  ray- 
on/dacron-served  thread  resulted  in  a  quilt- 
ed blanket  (see  figure)  in  which  the  threads 
retained  greater  strength  and  there  was 
less  damage  to  the  fabric. 

Jh\s  work  was  done  by  Paul  M.  Sawko 
of  Ames  Research  Center  and  Anand 
Vasudev  of  San  Jose  State  University. 

This  invention  is  owned  by  NASA,  and 
a  patent  application  has  been  filed. 
Inquiries  concerning  nonexclusive  or 
exclusive  license  for  its  commercial 
development  should  be  addressed  to  the 
Patent  Counsel,  Ames  Research  Center 
Refer  to  ARC-12406/TN. 

Ames  Research  Ctr. 

Technology  Utilization 
Officer:  Laurance  Milov 
Mall  Code  223-3 
Moffett  Field,  CA  94035 
(415)  694-4044 
Patent  Counsel: 
Darrell  G.  Brekke 
Mail  Code  200-1 1 
Moffett  Field,  CA  94035 
(415)  694-5104 
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Jig  for  Compression-Relaxation  Tests  of  Plastics 

specimens  can  be  tested  in  immersion  or  otherwise  manipulated  away  from  tine  compression  tester. 


An  improved  jig  facilitates  tests  of  the 
long-term  compression-relaxation  proper- 
ties of  plastics.  Such  tests  are  useful  in 
quantifying  some  of  the  time-dependent 
properties  of  polymers,  in  investigations  of 
the  effects  of  aging,  and  in  ascertaining 
the  service  lifetimes  of  polymeric  compo- 
nents. 

The  jig  is  designed  to  accommodate  the 
high  moduli  of  elasticity  of  some  plastics; 
it  is  intended  in  part  to  replace  prior  equip- 
ment that  is  unusable  because  it  was  de- 
signed for  testing  rubbers,  which  have  low 
moduli  of  elasticity.  Unlike  other  equipment 
designed  for  long-term  tests  of  plastics,  the 
jig  can  be  removed  from  a  compression- 
testing  machine  during  a  test  and  immersed 
in  a  test  fluid.  This  feature  is  particularly 
desirable  in  testing  a  polymer  that  is  to  be 
made  into  compression  seals  in  contact 
with  the  fluid.  The  load  on  the  specimen 
can  be  measured  at  intervals  by  remov- 
ing the  jig  from  the  fluid,  placing  it  in  the 
compression-testing  machine,  and  obtain- 
ing a  force-versus-time  trace. 

The  procedure  for  use  of  the  jig  is  the 
following: 

1.  Choose  the  dimensions  of  the  undamped, 
uncompressed  specimen  in  conjunction 
with  those  of  the  jig  and  the  top  and  bot- 
tom plates  in  it  (see  figure)  so  that  when 
the  specimen  is  subsequently  fully 
clamped  in  the  jig,  with  the  thrust  plate 
resting  on  the  housing,  the  specimen  will 
be  compressed  to  the  desired  degree. 

2.  Cut  the  specimen  to  the  chosen  length, 
and  place  it  in  the  jig  between  the  top  and 
bottom  plates,  without  compressing  or 
clamping. 

3.  Install  the  removable  linear  variable- 
differential  displacement  transducers,  and 
place  the  jig  in  the  compression-testing 
machine,  with  the  plunger  mounted  in 
place  to  compress  the  specimen. 

4.  Set  the  compression-testing  machine  to 
compress  the  specimen  at  a  rate  of  about 
1  mm  per  minute,  and  activate  the  ma- 
chine, taking  a  force-versus-time  trace. 

5.  As  soon  as  the  thrust  plate  comes  to  rest 
on  the  housing  and  the  displacement 
transducers  indicate  that  the  top  plate  is 
beginning  to  separate  downward  from  the 
thrust  plate,  stop  the  compression-testing 
machine  at  that  position,  measure  the 
compression  force,  and  install  the  bolts 


Top 
Plate 


Plastic 
Specimen 


The  Compression-Relaxa- 
tion-Testing Jig  holds  the 
specimen  in  compression 
when  it  Is  removed  from  the 
compression-testing  ma- 
chine, yet  allows  the  com- 
pression force  on  the  speci- 
men to  be  measured  when  It 
Is  on  the  machine. 


that  clamp  the  thrust  plate  on  the  hous- 
ing. The  clamped  thrust  plate  will  main- 
tain the  compression  force  on  the  speci- 
men after  the  machine  is  backed  off. 

6.  Remove  the  jig  from  the  compression- 
testing  machine,  remove  the  displace- 
ment transducers  from  the  jig,  and  im- 
merse the  jig  in  the  test  fluid  (if  any)  dur- 
ing the  specified  testing  time. 

7.  To  monitor  the  relaxation  of  force  as  a 
function  of  time  during  the  test,  remove 
the  jig  from  the  fluid  at  intervals,  place  it 
in  the  machine  (keeping  the  specimen 
clamped),  and  compress  while  taking  a 
force-versus-time  trace  as  before.  This 
time,  there  should  be  a  "knee"  in  the 
force-versus-time  curve  at  the  point  where 
the  specimen  starts  to  be  compressed  far- 
ther and  the  top  plate  separates  from  the 
thrust  plate  measured  by  the  pressure 
transducers.  When  the  knee  and  separa- 
tion are  reached,  stop  the  machine  at  this 
position,  measure  the  force,  then  remove 
the  jig  as  before  and  put  it  back  into  the 
fluid,  to  remain  there  until  the  next  meas- 
urement. Typically,  the  relaxed  compres- 
sion force,  measured  at  a  given  interval 


is  reported  as  the  ratio  between  that 
measurement  and  either  the  initial  meas- 
urement or  else  the  measurement  at  a 
reference  time  of,  sav.  one-half  hour. 

Because  the  displacement  transducers 
are  removed  before  immersion,  this  testing 
technique  can  be  used  with  electrically 
conductive  as  well  as  nonconductive  test 
fluids.  In  that  the  jig  does  not  have  to  re- 
main in  the  compression-testing  machine 
throughout  the  test,  this  testing  technique 
differs  from  a  standard  technique  of  the 
American  Society  for  Testing  and  Ma- 
terials. This  feature  offers  two  advantages 
in  addition  to  those  already  mentioned: 
one  is  that  it  is  possible  to  recalibrate  the 
load  cell  in  the  compression-testing  ma- 
chine during  long  tests;  the  other  is  that 
by  use  of  multiple  jigs,  one  can  perform 
simultaneous  long-term  compression-re- 
laxation tests  on  multiple  specimens  with 
a  single  compression-testing  machine. 

777/s  work  was  done  by  Richard  M. 
Shelley,  James  A.  Daniel,  and  Ralph  M. 
Tapphorn  of  Lockheed  Engineering  & 
Sciences  for  Johnson  Space  Center. 
MSC-21674/TN 


i 
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Insect  Gene  Mapping 


"Know  thy  enemy,"  an  old  proverb 
admonishes,  and  Walter  Tabachnick  has 
taken  this  advice  to  heart. 

Tabachnick,  an  ARS  entomologist  at 
ARS'  Arthropod-Borne  Animal  Dis- 
eases Research  Laboratory  in  Laramie, 
Wyoming,  has  set  out  to  understand  the 
genetic  makeup  of  Culicoides  variipen- 
nis,  a  biting  midge  primarily  respon- 
sible for  spreading  a  disease  of  rumi- 
nants known  as  bluetongue. 

Bluetongue,  so  named  because 
sheep's  tongues  may  turn  blue  in  ad- 
vanced stages  of  the  disease,  costs 
livestock  producers  millions  of  dollars 
in  losses  every  year.  This  debilitating 
disease  affects  sheep,  cattle,  and  rumi- 
nant wildlife.  Countries  that  are  blue- 
tongue free  ban  our  untested  breeding 
stock  and  germplasm,  a  potential 
market  loss  that  is  estimated  at  more 
than  $120  million  a  year. 


Initially,  Tabachnick  hopes  to 
identify  those  genes  that  make  some 
Culicoides  excellent  carriers  of  blue- 
tongue whereas  others  are  poor  trans- 
mitters. So  far,  he  has  bred  insects  that 
vary  widely  in  their  ability  to  spread 
bluetongue  disease.  In  some  of  his 
laboratory  populations,  up  to  90  percent 
of  the  insects  can  carry  the  virus;  in 
others  only  5  to  10  percent. 

Using  state-of-the-art  techniques  in- 
cluding DNA  restriction  fragment 
length  polymorphisms.  Tabachnick 
leads  the  field  in  learning  how  sub- 
species differ  in  their  genetic  makeup. 

Such  knowledge  should  help  in  con- 
trolling the  spread  of  other  insect-borne 
viruses,  perhaps  including  those  that 
cause  human  diseases,  such  as  yellow 
fever,  encephalitis,  and  dengue,  and 
plant  diseases  caused  by  potato  leaf  roll 
and  tobacco  mosaic  viruses. 


FOR  ADDITIONAL  INFORMATION:  Walter  Tabachnick  is  with  the  USDA-ARS  Arthropod-Bome  Animal 
Diseases  Research  Laboratory,  P.O.  Box  3965,  University  Station,  University  of  Wyoming,  Laramie,  WY  82071- 
3965; (307)776-0313. 
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National  Stable  Isotopes 
Resource  (SIR)  at  Los 
Alamos 


Principal  Investigator: 
James  A.  Fee,  Ph.D. 

POBox  1663.  MS-C345 

Los  Alamos  National  Laboratory 

Los  Alamos,  New  Mexico  87545 

(505)  667-0774 

FAX:  (505)665-3166 


Research  Emphasis 

•  Data  Achievable  with  Resource's 
Methodologies:  The  focus  of  this  resource 
IS  on  developing  the  utility  of  stable  iso- 
topes in  biology  and  medicine  by: 

Developing  novel  and  efficient  methods  to 
synthesize  ^^C,  15N,  i^jsq  and  33.343 
labeled  compounds  from  simple  materials 
such  as  H2O,  CO,  NO,  and  HjS;  develop- 
ing general  procedures  for  synthesizing  iso- 
topomers  of  amino  acids,  nuclear  bases, 
carbohydrates,  and  porphyrins;  synthesiz- 
ing specific  labeled  compounds  for  accred- 
ited investigators  when  those  compounds 
are  not  readily  available  from  commercial  or 
other  sources  at  acceptable  costs. 

Developing  an  active  program  of  research 
collaboration  with  investigators  in  the  bio- 
sciences  community;  providing,  as  neces- 
sary, isotope-labeled  compounds  and  anal- 
ysis and  data  interpretation  with  NMR  and 
MS;  advising  and  assisting  investigators 
using  isotopes  of  carbon,  oxygen,  nitrogen, 
and  sulfur. 

Hosting  visiting  scientists  for  training  in  use 
of  stable  isotopes  and  encouraging 
exchanges  of  talks,  short  courses,  and 
extended  research  opportunities;  and  col- 
laborating with  other  resources  in  synthesis 
and  MS  and  NMR  analyses  to  speed  devel- 
opment of  isotope  methodology. 


•  Current  Research:  Biosynthesis  of  natu- 
ral products,  especially  L-amino  acids, 
nucleic  acids,  and  enzyme  cofactors 
labeled  with  13C,  i5[sj,  179  and/or  isQ  and 
333  and/or  343;  development  of  improved 
chemical  syntheses  for  labeled  metabolic 
and  biosynthetic  precursors;  study  of  inter- 
mediary metabolism  in  intact  cells  using 
i3C-labeled  precursors  and  NMR  detection; 
and  structural  studies  of  lipids,  proteins, 
and  other  components  of  intact  cells 
enriched  with  the  stable  isotopes  of  carbon, 
nitrogen,  oxygen,  and  sulfur. 

•  New  Concept/Capability:  These  stable, 
nonradioactive  isotopes  are  being  used  in 
human  nutrition  and  pharmacokinetic  stud- 
ies and  in  clinical  research  without  deliver- 
ing radiation  burden  to  the  subject.  They 
have  been  incorporated  into  specific  sites 
of  enzymes  and  nucleic  acids  and,  through 
their  characteristic  NMR  signatures,  have 
provided  unique  information  about  the 
structure,  dynamics,  and  function  of  these 
macromolecules. 

1.  Gurbiel,  R.  J.,  Batie,  C.  J.,  Sivaraja,  M., 
et  al..  Electron-nuclear  double  resonance 
spectroscopy  of  ^^N-enriched  phthalate 
dioxygenase  from  Pseudomonas  cepacia 
proves  that  two  histidines  are  coordinated 
to  the  [2Fe-2S]  Rieske-type  clusters. 
Biochemistry  28:4861  -4871 ,  1 989. 

2.  Houck,  D.  R.,  Hanners,  J.  L,  and 
Unkefer,  C.  J.,  Biosynthesis  of  pyrrolo- 
quinolonine  quinone.  1 .  Identification  of 
biosynthetic  precursors  using  ^30  labeling 
and  NMR  spectroscopy.  Journal  of  the 
American  Chemical  Society  1 1 0:  6920- 
6921,  1988. 


3.  Walker,  T.  E.  and  London,  R.  E., 
Biosynthetic  preparation  for  L-[13C]-  and 
[i5N]glutamate  by  Brevibacterium  flavum. 
Applied  and  Environmental  Microbiology 
53:92-98,  1987. 

4.  Walker,  T.  E.,  Matheny,  C,  Storm,  C.  B., 
et  al..  An  efficient  chemomicrobiological 
synthesis  of  stable  isotope-labeled  L-tyro- 
sine  and  L-phenylalanine.  Journal  of 
Organic  Chemistry  5 1 : 1 1 75- 1 1 79,  1 986. 

Resource  Capabilities 

•  Chemical  Materials:  Separated  ^^C,  ''^N, 
and  180;  labeled  compounds  that  are  not 
commercially  available  can  be  obtained 
from  SIR  upon  request. 

•  Service  Personnel:  Collaboration  with 
investigators,  including  provision  of  isotope- 
labeled  compounds  as  necessary,  and 
analysis  and  data  interpretation  with  NMR; 
advice  and  assistance  in  use  of  isotopes; 
and  training  in  use  of  stable  isotopes. 

•  User  Laboratory  Space:  Resource  hosts 
visiting  scientists  and  postdoctoral  fellows 
and  encourages  exchanges  of  talks,  short 
courses,  and  extended  research  opportuni- 
ties. Separate  user  space  is  provided. 

•  User  Contact  Person:  James  A.  Fee, 
Ph.D.,  (505)  667-0774/5324. 
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Biochemical  Materials: 
Tritium  Labeling 


National  Tritium  Labeling 
Facility  (NTLF) 


Principal  Investigator: 
David  E.  Wemmer,  Ph.D. 

Lawrence  Berkeiev  Laooratory 
University  of  California.  Calvin  Laooratory 
Berkeley,  California  94720 
(415)486-4318 
FAX:  (415)486-4877 


Research  Emphasis 

•  Data  Achievable  with  Resource's 
Methodologies:  The  resource  ooerates  as  a 
research,  teaching,  and  tritium  labeling 
facility.  Visiting  researchers  use  the  equip- 
ment under  supervision  and  adhere  to  strict 
safety  precautions.  The  resource  has  the 
vacuum  lines  and  analytical  equipment  nec- 
essan/  to  produce  tntiated  materials  with  a 
high  degree  of  radiochemical  purity.  Radio- 
HPLC  and  other  chromatographic  tech- 
niques are  used  in  conjunction  with  tritium 
and  proton  NMR  spectroscopy  to  deter- 
mine the  extent  and  position  of  tritium 
incorporation. 

•  Current  Research:  The  NTLF  is  involved 
in  many  diverse  research  projects  that 
range  from  improving  tritium-labeling  tech- 
niques to  understanding  ligand-protein 
interactions.  Recent  work  has  involved  the 
facile  synthesis  and  use  of  highly  tritiated 
hydride-reducing  agents  such  as  LiEt^.BT 
and  L1AIT4.  Another  labeling  project 
involved  the  production  and  application  of 
tritiomethyl  iodide  with  very  high  specific 
activity.  Biological  studies  have  included  the 
tritium  NMR  study  of  metabolism  in  red 
blood  cells  using  specifically  tritiated  glu- 
cose substrates.  Maltose  binding  to  a  40kD 
protein  has  also  been  well  characterized  by 
tritium  NMR  techniques. 

•  New  Concept/Capability:  The  facility 
provides  the  environment  and  professional 
assistance  for  biomedical  researchers  to 
safely  produce  tritiated  compounds  with 
very  high  specific  activity  and  high  radio- 
chemical purity.  The  hydride  chemistry 


available  at  the  resource  is  not  available 
through  commercial  labeling  companies. 
Tritium  NMR  analyses  of  products  are  sup- 
plied routinely. 

1.  Newmark.  R.  D.,  Un,  S.,  Williams,  P.  G.. 
at  al.,  ^H  nuclear  magnetic  resonance  study 
of  anaerobic  glycolysis  in  packed  erythro- 
cytes. Proceedings  of  the  National 
Academy  of  Sciences  USA  87:  583-587. 
1990. 

2.  Andres,  H.,  Morimoto.  H.,  and  Williams. 
P.  G.,  Preparation  and  use  of  LiEt^BT  and 
L1AIT4  at  maximum  specific  activity.  Journal 
of  the  Chemical  Society.  Chemical 
Communications  627 -62Q.  1990. 

3.  Saljoughian,  M..  Morimoto.  H.,  and 
Williams,  P.  G..  A  general  synthesis  of  high 
specific  activity  tritiomethyl  iodide.  Journal 
of  the  Chemical  Society.  Perkin 
Transactions  I:  1803-1808.  1990. 

4.  Williams,  P.  G..  Morimoto,  H.,  and 
Wemmer,  D.  E.,  Application  of  modern  ^H 
NMR  techniques  to  the  analysis  of  complex 
isotopic  products  from  a  hydrogenation 
reaction.  Journal  of  the  American  Chemical 
Society  110:  8038-8044,  1988. 


Resource  Capabilities 

•  Instruments:  IBM  AF  300  MHz  NMR 
with  tritium  orobe:  one  preparative  and  one 
analytical  Waters  HPLC:  Hewlett-Packard 
1040A  high-speed  photodiode  detector 
system  with  printer/ piorter/ integrator/floppy 
disks;  Berthold  radioactivity  flow  monitor  for 
HPLC:  Varian  3700  GLC  with  heated  pro- 
portional flow  counter  and  associated  elec- 
tronics for  multiscaling  analysis:  LKB  frac- 
tion collector  with  automatic  slope  sensing: 
Hewlett  Packard  8451  diode  array  spec- 
trophotometer: Berthold  TLC  raoioscanner; 
Packard  Tncarb  model  1 500  liquid  scintilla- 
tion analyzer:  and  Biosearch  8600  DNA 
synthesizer. 

•  Special  Features:  The  NTLF  contains  a 
unique  combination  of  high-level  labeling 
equipment  alongside  analytical  equipment 
dedicated  to  radiochemical  analyses. 
Researchers  must  participate  m  the  tntia- 
tion,  purification,  and  analysis  of  their  own 
substrates.  All  the  major  tritiation  tech- 
niques are  available:  hydrogenation. 
dehalogenation.  methyiation.  hydnoe 
reduction,  and  exchange.  Labeled  sub- 
strates containing  one  or  more  tritium 
atoms  per  molecule  are  produced  routinely 
using  these  techniques. 

•  Service  Personnel:  Qualified  investigators 
use  the  facility  under  the  supervision  of  the 
resident  staff. 

•  User  Laboratory  Space:  Chemical  bench 
and  desk  space  are  provided  for  users 
while  they  are  visiting  the  laboratory. 

•  User  Contact  Person:  Hiromi  Monmoto. 
B.S.,  (415)  486-4373:  FAX  (415^  486-4877. 
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PROPHET  National 
Computer  Research 
Resource 


Princioal  Investigator: 
Frederick  Seibel,  Ph.D. 

Boit  Beranek  and  Newman  Inc. 

10  Moulton  Street 

Cambridge.  Massachusetts  02138 

(617)873-2445 

FAX:  (61  71  873-3776 


Research  Emphasis 

•  Data  Achievable  with  Resource 's 
Methodologies:  PROPHET  is  a  research 
resource  developed  specifically  for  use  by 
pharmacologists,  medicinal  chemists,  and 
other  biomedical  scientists  studying  the 
interactions  of  chemical  and  biological  sys- 
tems. PROPHET  features  tools  for  data 
management,  data  analysis,  molecular 
modeling,  and  sequence  analysis.  Utilizing 
high-pertormance  graphics  workstations 
and  a  new  graphics  user  interface,  scien- 
tists can  create,  modify,  display,  and 
manipulate  a  variety  of  standard  entities 
such  as  tables,  graphs,  molecular  struc- 
tures, and  ammo  and  nucleic  acid 
sequences. 

•  Current  Research:  Currently  more  than 
1 .000  researchers  at  more  than  1 25  aca- 
demic, government,  and  commercial 
research  institutions  throughout  the  United 
States  are  using  PROPHET  in  studying 
interactions  of  chemical  and  biological  sys- 
tems. 

•  New  Concept/Capability:  Exploratory 
data  analysis  capabilities  for  statistical  anal- 
ysis and  expanded  residual  and  graphic 
analysis  of  regression  fits;  expanded 
access  to  data  bases:  user  interface  for 
network  access  to  NSF  supercomputers: 
tools  to  assist  in  sequence  analysis  of  pro- 
teins and  DNA:  tools  for  pharmacokinetic 
modeling  survival  analysis:  interface  to  SAS, 
a  statistics  package;  interface  to  INGRES,  a 
relational  data  base  management  system; 


and  the  ability  to  handle  date/time  intervals. 
The  last  two  features  are  especially  useful  in 
clinical  research. 

1.  Sachs.  B.  P..  Brown,  D.  A.  J.,  Dnscoll,  S. 
G..  et  al..  Maternal  mortality  in 
Massachusetts.  New  England  Journal  of 
Medicine  3)6:  667-672,  1987. 

2.  Smithgall,  T.  P.,  Harver,  R.  G.,  and 
Penning,  T.,  Regio-  and  stereo-specificity  of 
homogeneous  3-alpha  hydroxysteroid  dihy- 
drodiol  dehydrogenase  for  transdihydrodiol 
metabolites  of  polycyclic  aromatic  hydro- 
carbons. Journal  of  Biological  Chemistry 
261:6184-6191.  1986. 

3.  Yu.  v.  L.  Goetz,  A..  Wagener.  M..  et  al.. 
Staphylococcus  aureus  nasal  carriage  and 
infection  in  hemodialysis  patients:  Efficacy 
of  antibiotic  prophylaxis.  New  England 
Journal  of  Medicine  31 5:91  -96.  1 986. 

4.  Applegate,  K.  R.  and  Glomset.  J.  A.. 
Computer-based  modeling  of  the  confor- 
mation and  packing  properties  of  docosa- 
hexaenoic  acid.  Journal  of  Lipid  Research 
27:658-680,  1986. 

Resource  Capabilities 

•  Hardware:  PROPHET  software  is  avail- 
able for  a  variety  of  high-performance  sci- 
entific graphics  workstations  and  host  com- 
puters. These  include  the  SUN  family  of 
workstations  (UNIX  OS),  DEC  VAX, 
VAXstations,  and  DECstations  (ULTRIX 
OS);  the  Mac  II  (A/UX  OS)  will  soon  be 
added.  The  system  features  full  network 
support  and  distributed  architecture. 
Inquire  for  schedule  of  availability  for  other 
systems. 


•  SofP/^are:  The  PROPHET  System  (chem- 
ical/biological information  handling  system) 
includes  such  languages  as  PLVPROPHET 
(user  programming  language),  FORTRAN, 
C,  ano  others  as  supported  by  various 
workstations;  a  wide  variety  of  scientific 
research  applications  including  PROPHET 
Public  Procedures  (user-originated  applica- 
tions), a  subset  of  MLAB  (math-modeling/ 
curve  fitting),  and  MMP2  (molecular  model- 
ing). The  software  is  maintained,  enhanced, 
and  distributed  regularly. 

•  Databases:  GenBank  (the  genetic 
sequence  data  bank),  Brookhaven  protein 
file  (x-ray  structures).  Protein  Identification 
Resource  (protein  sequences),  and 
immunoglobulin  sequence  data  bank. 

•  Access:  Software  and  electronic  access 
available  via  Internet  (Arpanet,  NSFnet,  etc). 
Telenet,  and  direct  dial. 

•  Service  Personnel:  Software  engineers 
for  system  maintenance/development; 
applications  scientists  and  programmers  for 
new  feature  development;  and  user  repre- 
sentatives for  training  and  telephone  con- 
sultations. 

•  User  Laboratory  Space:  The  NIH 
National  Center  for  Research  Resources 
supplies  software  for  users,  who  provide 
their  own  equipment  and  laboraton/  space. 
Occasionally  space  is  available  at  current 
user  sites  for  visiting  scientists. 

•  Sen/ice  Fee:  Schedule  available. 

•  User  Contact  Persons:  PROPHET  sup- 
port staff  are  available  via  PROPHET  Help 
Line  (61 7)  873-2669. 
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Protein  Data  Bank 


Principal  Investigator: 
Thomas  F.  Koetzle,  Ph.D. 

Building  555 
Chemistry  Department 
Brool<haven  National  Laboratory 
Upton,  New  York   11973 
(516)282-4384 
FAX:  (516)282-5815 


Research  Emphasis 

•  Data  Achievable  with  Resource 's 
Methodologies:  The  Protein  Data  Bank  is  a 
data  base  of  structural  information  on  bio- 
logical macromolecules.  The  data  base  is 
distributed  worldwide  from  Brookhaven 
National  Laboratory  and  from  1 0  affiliated 
distribution  centers  in  Norlh  America, 
Europe,  and  Japan.  The  Protein  Data  Bank 
IS  used  in  many  diverse  applications, 
including  crystal  structure  analysis,  drug- 
receptor  binding  studies,  and  protein  engi- 
neering. 

•  Current  Research:  In-house  research 
involves  protein  cn/stal  structure  data  ana- 
lyzed with  a  view  toward  understanding  the 
factors  affecting  their  accuracy,  which 
include  constraints  and  restraints  employed 
in  the  process  of  crystal  structure  refine- 
ment, thermal  motion  and  disorder,  and 
non -bonded  interatomic  contacts  in  the 
crystals. 

•  New  Concept/Capability:  The  Protein 
Data  Bank  resource  is  the  only  data  base 
providing  comprehensive  information  on 
three-dimensional  structures  of  biological 
macromolecules.  As  such,  it  is  an  essential 
computer  tool  in  many  biomedical  research 


programs.  The  in-house  research  is  leading 
to  improved  understanding  of  the  accuracy 
of  protein  structure  data,  and  should  thus 
improve  the  quality  and  utility  of  the 
resource. 

1.  Koetzle,  T.  F.,  Abola,  E.  E.,  Bernstein,  F. 
C.  at  al.,  Collection  and  standardization  of 
crystal  structure  data  by  the  protein  data 
bank.  In  Biomolecular  Data:  A  Resource  in 
Transition  (Colwell,  R.  R.,  Swartz,  D.  G., 
and  MacDonell,  M.  T.,  eds.).  Oxford. 
England:  Oxford  University  Press,  1989, 
pp.  77-82. 

2.  Bryant.  S.  H.,  PKB:  A  program  system 
and  data  base  for  analysis  of  protein  struc- 
ture. Proteins:  Structure.  Function,  and 
Genetics  5:  233-247,  1989. 

3.  Abola.  E.  E.,  Bernstein,  F.  C,  and 
Koetzle,  T.  F,.  The  protein  data  bank.  In 
Computational  Molecular  Biology:  Sources 
and  Methods  for  Sequence  Analysis  (Lesk, 
A.  M.,  ed.).  Oxford,  England:  Oxford 
University  Press,  1988,  pp.  69-81. 

4.  Abola,  E.  E..  Bernstein,  F.  C,  Bryant,  S. 
H.,  et  al.,  Protein  data  bank: 
Crystallographic  data  bases:  Information 
content,  software  systems,  scientific  appli- 
cations. In  Data  Commission  of  the 
International  Union  of  Crystallography 
(Allen,  F.  H..  Bergerhoff,  G.,  and  Sievers, 
R.,  eds.).  Bonn/Cambridge:  Chester.  1987, 
pp.  107-132. 


Resource  Capabilities 

•  Service  Personnel:  Data  Bank  staff  are 
available  to  resoono  to  inquiries  from  users 
and  data  depositors.  Exhaustive  checks  are 
run  on  each  data  bank  entry  to  ensure 
maximum  possible  reliability. 

•  User  Laboratory  Space:  Not  applicable: 

distributed  computer  data  base. 

•  User  Contact  Person:  Frances  C. 
Bernstein,  (516)282-4382. 
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Human  Error  in 
Complex  Systems 

Experiments  seek  to 
find  causes. 

A  report  presents  the  results  of  research 
aimed  at  understanding  the  causes  of  hu- 
man error  in  such  complex  systems  as  air- 
craft, nuclear  powerplants,  and  chemical 
processing  plants.  The  research  consid- 
ered both  slips  (errors  of  action)  and  mis- 
takes (errors  of  intention),  and  the  influence 
of  the  workload  on  them. 

Two  experiments  were  conducted.  In 
experiment  1,  human  subjects  operated 
PIT^NT  a  computer  simulation  of  a  generic 
dynamic  production  process.  A  PLANT  op- 
erator's task  is  to  supervise  the  flow  of  fluid 
among  nine  tanks  interconnected  by 
pumps,  valves,  and  pipes  to  make  an  un- 
specified product.  The  operator  may  open 
and  close  valves,  adjust  system  input  and 
output,  check  flows  between  tanks,  and 
order  repairs  of  PLANT  components  by 
typing  commands  on  a  keyboard. 

The  maximization  of  production  is  the 
primary  goal.  However  as  in  real  systems, 
the  operator  must  deal  with  such  physical 
limitations  as  the  capacities  of  tanks  and 


the  reliabilities  of  components.  Therefore, 
the  operator  also  must  be  concerned  with 
such  secondary  goals  as  maintenance  of 
stability  and  compensation  for  failures.  The 
subjects'  error  patterns  and  amounts  of 
production  were  recorded  under  a  variety 
of  processing  conditions. 

In  experiment  2,  the  subjects  again  used 
PU\NT  but  with  different  control  strategies. 
The  subjects  were  questioned  in  depth  as 
they  watched  instant  replays  of  their  be- 
havior in  controlling  the  system.  The  ques- 
tion sessions  were  intended  to  gain  un- 
derstanding of  the  factors  that  prompted 
subjects  to  perceive  increases  of  their  ef- 
fort and  of  the  influences  of  these  percep- 
tions on  subsequent  behavior  In  addition, 
the  subjects  were  told  that  they  would 
receive  production  bonuses. 

The  researchers  obtained  a  complex 
pattern  of  results  —  one  that  was  not  con- 
sistent with  predictions.  Briefly  production 
was  higher  in  experiment  2  and  errors 
were  fewer  Moreover,  subjects  felt  that 


they  had  to  make  less  effort  in  experiment 

2. 

Generally,  the  results  indicated  that: 

•  Humans  respond  to  conditions  in  which 
errors  might  be  expected  by  attempting 
to  reduce  the  incidence  of  errors;  and 

•  Adaptation  to  conditions  is  a  potent  influ- 
ence on  human  behavior  in  discretionary 
situations. 

This  work  was  done  by  Nancy  M.  Morris 
and  William  B.  Rouse  of  Search  Tech- 
nology Inc.,  for  Ames  Research  Center. 
Further  information  may  be  found  in  NASA 
CR-177484[N89-18008],  ■'Human  Operator 
Response  to  Error-Likely  Situations  in  Com- 
plex Engineering  Systems." 

Copies  may  be  purchased  [prepayment 
required]  from  the  National  Technical  In- 
formation Service,  Springfield,  Virginia 
22161,  Telephone  No.  (703)487-4650. 
Rush  orders  may  be  placed  for  an  extra 
fee  by  calling  (800)  336-4700. 
ARC-12424/TN 
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Microgravity  Experiments 
on  Animals 

Laboratory  equipment  will  be 
evaluated,  and  physiological 
experiments  will  be  performed. 


A  paper  describes  experiments  on  ani- 
mal subjects  that  have  been  planned  for 
the  Spacelab  Life  Sciences  1  mission  sched- 
uled for  launch  in  mid-1990.  The  mission  rep- 
resents the  first  step  in  establishing  tech- 
nology for  maintaining  and  manipulating 
rodents,  nonhuman  primates,  amphibians, 
and  plants  during  space  flight  without  jeop- 
ardizing the  crew's  environment.  The  know- 
ledge gained  in  the  orbiting  animal-holding 
facilities  and  general  purpose  workstation 
will  be  used  in  subsequent  Spacelab  mis- 
sions and  in  the  Space  Station. 

In  addition  to  providing  data  on  the  effec- 
tiveness of  techniques  and  equipment,  the 
experiments  focus  on  the  effects  of  micro- 
gravity  on  cardiopulmonary,  cardiovascular, 
and  musculoskeletal  systems;  on  the  regu- 
lation of  the  volume  of  blood  and  the  pro- 
duction of  red  blood  cells;  and  on  calcium 
metabolism  and  gravity  receptors.  The  ma- 


jor experiments  are  the  following: 

•  The  Particulate  Containment  Demonstra- 
tion Test  is  designed  to  show  that  the  re- 
search animal-holding  facility  and  the  ro- 
dent cages  within  it,  the  general-purpose 
workstation,  and  the  general-purpose  trans- 
fer unit  (to  transfer  animals  between  the 
holding  facility  and  the  workstation)  retain 
particulates  generated  within  them  during 
the  experiments  in  flight. 

•  The  Integrated  Rodent  Experiments  yield 
data  for  the  comparison  of  animals  housed 
in  the  research  animal-holding  facility  with 
those  housed  in  another  type  of  animal- 
containing  unit,  the  animal  enclosure  mod- 
ule, in  which  the  animals  are  observed  and 
photographed  but  not  otherwise  subjected 
to  experimentation.  A  total  of  nine  rodents 
are  kept  in  these  two  units,  and  they  are 
to  be  examined  before  and  after  the  mis- 
sion to  determine  a  variety  of  physiological 


parameters.  In  later  missions,  crewmem- 
bers  will  remove  animals  from  the  holding 
facility  for  examinations  dunng  flight. 

•  The  Jellyfish  Experiment  is  an  investiga- 
tion of  the  role  of  microgravity  in  the  devel- 
opment and  function  of  gravity  receptors, 
formation  or  demineralization  of  the  recep- 
tors, and  swimming  and  pulsing  behavior 

•  The  small-mass-measuring  experiment 
checks  the  stability  of  a  new  version  of  an 
instrument  for  measuring  small  masses  in 
space  The  instrument  is  essential  for  meas- 
uring the  masses  of  rodents  and  speci- 
mens of  tissue  on  future  missions. 
This  work  was  done  by  B.P.  Dalton,  H. 

Leon,  and  R.  Hogan  of  Ames  Research 
Center  and  B.  Clarke  and  D.  Tollinger  of 
MATSCO.  To  obtain  a  copy  of  the  report. 
"Spacelab  Life  Sciences  1:  The  Stepping 
Stones."  ARC-12343/TN 
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0678  Meteorology  and  Oceanography  of  the  Middle  East 

0679  Microwave  brightness  of  Land  Surfaces  From  Outer  Space — Effects  of 
roughness  of  surface,  moisture  in  soil,  and  vegetation  are  included. 
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Meteorology  and  Oceanography  of  the  Middle  East 


NOAA's  Library  and  Information  Services  Division  has 
prepared  an  annotated  bibliography  on  the  meteorology  and 
oceanography  of  the  Middle  East.   The  publication  was  prepared  to 
answer  a  wide  range  of  questions  related  to  this  area,  specially 
those  concerned  with  the  Arabian  (Persian)  Gulf. 

The  bibliography  has  citations  back  to  1967  that  provide  a 
good  overview  of  the  data  and  literature  available.   It  also 
contains  references  to  news  articles  about  the  oil  spills  due  to 
Operation  Desert  Storm. 

Four  sections  of  the  bibliography  cover  the  topics  of 
atmospheric  circulation,  desalination,  oceanic  circulation,  and 
oil  and  marine  pollution.   A  fifth  section  contains  distribution 
plots  showing  the  location  of  marine  data,  such  as  temperature 
and  salinity,  held  by  NOAA's  National  Oceanographic  Data  Center. 

Additional  information  on  the  publication  is  available  from 
NOAA  ORTA,  Suitland  Professional  Center  (SPC),  Room  307, 
Washington,  DC  20233.   Telephone:   (301)  763-4240. 
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Microwave  Brightness  of  Land  Surfaces  From  Outer  Space 

Effects  of  roughness  of  surface,  moisture  in  soil,  and  vegetation  are  included. 


A  mathematical  model  approximates 
the  microwave  radiation  emitted  by  land 
surfaces  that  travels  to  a  microwave  radi- 
ometer in  outer  space.  This  is  one  of  a  num- 
ber of  such  models  developed  in  recent 
years  for  the  interpretation  of  microwave 
imagery  of  the  Earth  to  obtain  the  distribu- 
tions of  various  chemical,  physical,  and 
biological  characteristics  across  its  sur- 
face. In  this  case,  the  model  is  intended 
primarily  for  use  in  mapping  the  moisture 
content  of  soil  and  the  fraction  of  the  Earth 
covered  by  vegetation. 

The  theoretical  basis  of  this  develop- 
ment is  a  general  mathematical  model  of 
microwave  brightness  temperatures  over 
land.  The  general  model  takes  account  of 
the  altitude  and  viewing  angle  of  the  radi- 
ometer; the  polarization  and  frequency  of 
the  radiation;  the  upwelling  and  downwell- 
ing  radiation  that  originates  in  the  atmos- 
phere; the  downwelling  background  radia- 
tion from  outer  space;  and  the  attenuation 
and  scattering  in  the  atmosphere,  including 
the  effects  of  water  vapor,  clouds,  and  pre- 
cipitation (see  figure).  The  general  model 
includes  submodels  that  characterize  the 
microwave  appearance  of  the  soil  surface 
as  a  function  of  its  moisture,  roughness, 
and  temperature.  Other  submodels  charac- 
terize the  vegetative  land  cover  as  a  func- 
tion of  its  temperature,  moisture  content, 
a  single  scattering  albedo,  structure,  and 
the  percentage  of  surface  covered. 

The  general  mathematical  model  is 
changed  to  express  the  brightness  tem- 
peratures in  terms  of  the  ratios  between 
the  power  densities  received  in  vertical  and 
horizontal  polarizations  in  the  various  ra- 
diometric frequency  bands.  These  polariza- 
tion ratios  depend  primarily  on  the  moisture 
content  and  percentage  of  vegetative 
cover,  which  one  seeks  to  map,  and  upon 
the  surface  roughness,  which  one  does  not 
seek  to  map.  That  is  to  say  the  use  of  these 
polarization  ratios  reduces  the  influence 
of  the  surface-temperature  and  atmos- 
pheric effects  that  are  undesired  in  this 
mapping  problem,  leaving  only  the  rough- 
ness of  the  surface  as  the  major  undesired 
feature.  The  surface-roughness  submodel 
includes  an  approximate  equation  for  the 


microwave  reflectivity  as  a  function  of  the 
microwave  frequency  the  root-mean-square 
roughness  height,  and  the  spatial  frequen- 
cy of  the  roughness.  Because  of  this  equa- 
tion, one  can  use  spatial-frequency  effects 
in  the  observed  polarization  ratios  to  sepa- 
rate, at  least  partially  the  surface-rough- 
ness effects  from  the  soil-moisture  effects. 

The  model  was  applied  to  measure- 
ments made  by  the  Scanning  Multichan- 
nel Microwave  Radiometer  (SMMR)  aboard 
the  Nimbus  7  satellite  at  five  frequencies 
from  6.6  to  37  GHz  and  in  both  polariza- 
tions. The  model  was  found  to  be  useful 
in  evaluating  the  effects  of  atmospheric 
water  vapor  and  clouds  at  the  SMMR  fre- 
quencies, and  in  showing  that  microwave 
radiometry  can  be  a  very  efficient  tech- 
nique for  monitoring  changes  in  soil 
moisture  and  vegetation,  at  least  in  semi- 
arid  areas. 

A  remaining  problem  is  to  find  a  suitable 
and  reliable  way  of  combining  measure- 
ments made  at  different  frequencies,  to  iso- 
late the  different  parameters  through  their 
varying  influences  as  functions  of  the  mi- 
crowave frequency  The  model  shows  that 


Tsky 


Tad 


the  lower  frequencies  are  best  adapted  to 
the  monitoring  of  soil-moisture  and  canopy- 
water  contents.  The  higher  microwave  fre- 
quencies are  useful  for  monitoring  the 
water  content  of  vegetation  only  where  the 
vegetative  cover  is  very  sparse.  However, 
the  higher  spatial  resolutions  available  at 
the  higher  microwave  frequencies  are  de- 
sirable. The  Advanced  Very-High-Resolu- 
tion Radiometer  (AVHRR)  of  the  National 
Oceanic  and  Atmospheric  Administration 
could  provide  additional  information  on 
vegetative  cover,  thereby  making  possible 
the  retrieval  of  soil-moisture  values  from 
the  SMMR  measurements.  Moreover,  the 
joint  use  of  SMMR  and  AVHRR  data  v^flll  prob- 
ably make  it  possible  to  monitor  changes 
of  the  land  surface  during  intervals  of  5  to 
10  years,  providing  significant  data  for  math- 
ematical models  of  the  evolution  of  the 
climate. 

This  work  was  done  by  Yann  H.  Kerr 
and  Eni  G.  Njoku  of  Caltech  for  NASA's 
Jet  Propulsion  Laboratory. 
NP0-17739/TN 
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0680  Apparatus  for  Measuring  Coefficient  of  Friction 

0681  FTIR  Spectroscopic  Characterization  of  li-VI  Semiconductors — 
Transmission  spectra  are  acquired  and  processed  semiautomatically. 


Testing  &  Instrumentation 

0682    Laser  Spectroscopic  Measurement  of  Temperature  and  Density — 

Development  of  techniques  for  measuring  fluctuations  in  turbulent  flows 
of  air  is  reported 


• 


NIST  Technology  Update 

National  Institute  of  Standards  &  Technology 

U.S.  Department  of  Commerce,  Gaithersburg,  MP  20899 

Apparatus  for  Measuring  Coefficient  of  Friction 


NIST  researchers  have  developed  a  novel  apparatus  to  measure  the  coefficient  of  friction  in 
oxygen  environments.    It  will  be  used  specifically  to  study  problems  with  ball  bearing  wear  in 
the  high-pressure  oxygen  turbo  pump  of  the  space  shuttle  main  engine.  Although  designed  to 
last  7.5  hours,  these  bearings  often  fail  after  45  minutes  of  use.   The  NIST  apparatus  can  handle 
loads  up  to  900  kg,  and  friction  measurements  can  be  made  in  inert  atmospheres  or  in  flowing 
oxygen  at  temperatures  from  80  to  1030  Kelvins.    To  meet  the  various  requirements,  two 
measurement  cells  -  one  hot  and  one  cold  -  were  developed.  One  cell,  made  of  high-temperature 
nickel  alloy  and  cooled  by  ambient  air,  is  used  from  room  temperature  to  1030  kelvins.    The 
other  cell,  made  of  high-purity  nickel  and  cooled  by  nitrogen  gas,  operates  from  80  to  523 
kelvins. 

FOR  ADDITIONAL  INFORMATION:  Paper  no.  8-91  describes  the  apparatus  and  is  available  from 
Jo  Emery,  Div.  104,  NIST,  Boulder,  CO  80303;  (303)497-3237. 
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FTIR  Spectroscopic  Characterization  of  ll-VI  Semiconductors 

Transmission  spectra  are  acquired  and  processed  senniautomatically. 


The  combination  of  a  commercial  Fourier-transform  infra- 
red (FT!  R)  spectrometer  with  a  computer  and  special-purpose 
software  constitutes  a  highly  automated  facility  for  the  acqui- 
sition and  processing  of  infrared  transmission  or  reflection 
spectral  image  data.  The  facility  is  intended  principally  to 
acquire  transmission  spectra  of  some  compounds  of  elements 
in  groups  II  and  VI  of  the  periodic  table.  The  compounds  are 
intended  for  use  in  infrared  detectors,  and  maps  of  the  infrared 
transmission  spectra  (and  data  derived  from  the  spectra)  of 
specimens  are  important  in  quantitatively  establishing  the 
spatial  uniformity  or  nonuniformity  of  properties  that  affect 
responses  to  infrared  photons.  Of  particular  interest  are  maps 
of  transmission  edges  of  specimens  of  such  compounds  as 
HgCdSe  and  Hg,  _^Cd^Te,  because  a  transmission  edge  is 
directly  related  to  the  composition  parameter,  x. 

In  the  spectrometer,  approximately  black-body  radiation 
from  an  infrared  source  (e.g. ,  a  heated  bar  of  silicon)  is  focused 
on  the  specimen  through  an  aperture  1 00  |jm  in  diameter.  The 
radiation  passes  through  the  specimen  to  the  detecting  and 
spectrum-analyzing  equipment.  With  minimal  intervention  by 
the  technician,  an  x-y  translation  stage  driven  by  stepping 
motors  scans  the  deserved  area  of  the  specimen  in  increments 
as  small  as  50  um  along  each  axis,  acquiring  the  spectrum  at 
each  step. 

The  computer  controls  the  spectrometer  and  processes  its 
output.  The  software  processes  the  raw  output  data  into 
spectra,  then  manipulates  spectra  by  smoothing,  integrating, 
differentiating,  or  finding  peaks  in  them.  The  software  provides 
for  a  header  file,  which  includes  many  parameter  settings  for 
proper  scanning  and  the  collection  of  spectra,  e.g.,  the  number 
of  data  points,  the  shape  and  size  of  the  specimen,  and  the 
type  of  detector  in  the  spectrometer.  The  computer  reads  ad- 
ditions to  the  header  file  and  commands  the  x-y  stage  to 
translate  the  specimen  according  to  specifications. 

One  important  feature  of  the  software  is  the  part  that 
automatically  extracts  a  cut-on  wavelength  or  wave  number 
(presumably,  a  close  approximation  to  the  transmission  edge) 
from  the  spectrum  at  a  given  location  on  a  specimen.  It 
involves  ( 1 )  the  designation,  in  the  header  file,  of  wavelengths 
O,  and  Oj  (not  to  be  confused  with  standard  chemical  symbols) 
between  which  the  specimen  is  deemed  to  be  opaque  and 
wavelengths  T,  and  T^  between  which  it  is  deemed  transpar- 
ent; (2)  locating  the  portion  of  the  spectrum  in  which  the 


transmittance  lies  between  25  percent  and  75  percent  of  the 
span  from  the  level  of  transmittance  designated  as  "opaque"  to 
the  level  designated  as  "transparent";  (3)  fitting  a  straight  line 
to  this  part  of  the  spectrum;  and  (4)  finding  the  cut-on  wave- 
length or  wave  number,  which  is  the  intercept  of  this  line  with 
the  wavelength  or  wave-number  axis  (see  figure). 

The  system  has  been  used  to  characterize  specimens  of  11/ 
VI  alloy  semiconductors  grown  by  directional  solidification  and 
quenching.  Transmission-edge  maps  have  been  helpful  in 
studies  of  flows,  gradients  of  temperature,  and  coefficients  of 
diffusion  in  the  solidifying  melts.  The  data  acquired  by  this 
system  include  optical  characteristics,  and  they  both  verify  and 
complement  data  obtained  by  such  other  techniques  as  meas- 
urements of  density  and  x-ray-dispersion  analysis. 

This  work  was  done  by  G.L.E.  Perry  and  F.R.  Szofran  of 
Marshall  Space  Flight  Center.  Further  information  may  be 
found  in  NASA  Tl^- 100379  [N89-29512],  "Highly  Automated 
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The  Cut-on  Wavelength  of  a  specimen  of  HgCdSe  is  extracted  from 
data  on  a  transmittance  peak  and  in  a  nearby  spectral  range  of  low 
transmittance. 

Optical  Characterization  With  FTIR  Spectrometry. " 

Copies  may  be  purchased  [prepayment  required]  from  the 
National  Technical  Information  Service,  Sphngfield,  Virginia 
22161,  Telephone  No.  (703)  487-4650.  Rush  orders  maybe 
placed  for  an  extra  fee  by  calling  (800)  336-4700. 
l^FS-27234 
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Laser  Spectroscopic 
Measurement  of 
Temperature  and  Density 

Development  of  techniques 
for  nneasuring  fluctuations  in 
turbulent  flows  of  air  is 
reported. 

A  report  discusses  research  on  the  use 
of  laser-induced  fluorescence  in  oxygen 
and  Rannan  scattering  in  air  for  the  simul- 
taneous nneasurement  of  the  temperature 
and  density  of  air  The  major  intended  ap- 
plication of  these  laser  spectroscopic  tech- 
niques is  measurement  of  fluctuations  of 
temperature  and  density  in  hypersonic 
flows  in  wind  tunnels. 

In  the  laser-induced-fluorescence 
technique,  a  pulsed  ArF  laser  operating  at 
a  wavelength  of  193  nm  selectively  excites 
one  or  more  rotational  spectral  lines  of 
Og.  The  resulting  fluorescence  energy  is 
proportional  to  the  relative  population  of 
the  selected  initial  energy  state  of  the 
molecules  (which  population  depends  on 
temperature)  and  to  the  density  of  the  air 
The  fluorescence  takes  place  within  a  few 
picoseconds.  The  same  laser  beam  used 
to  excite  the  fluorescence  gives  rise  to 
Raman  scattering  proportional  to  the  den- 
sity. Thus,  the  intensity  of  the  Raman-scat- 
tered light  indicates  the  density,  while  the 
ratio  between  the  intensities  of  the  fluores- 
cence and  the  Raman-scattered  light  in- 
dicates the  temperature. 


The  development  of  the  laser-induced- 
fluorescence  technique  included  the  fol- 
lowing steps: 

1.  Comparison  of  laser-induced  fluores- 
cence O2  with  other  radiative  processes 
excited  in  air  by  a  broadband  ArF  laser; 

2.  Evaluation  of  the  conditions  that  reduce 
the  interferences  of  these  processes  with 
the  measurement  of  temperature; 

3.  Development  of  a  theoretical  model  of 
laser-induced-fluorescence,  to  be  used 
in  deducing  the  temperature  from  the 
fluorescence  signal  following  each  laser 
pulse; 

4.  Comparison  of  the  predicted  and  exper- 
imentally determined  dependence  of  the 
fluorescence  signal  upon  temperature; 

5.  Assessment  of  the  uncertainty  associ- 
ated with  this  technique  under  realistic 
conditions  of  hypersonic  flow;  and 

6.  The  demonstration  of  the  technique  in 
slow,  low-pressure,  flows  of  cold  air 
The  development  of  the  Raman  tech- 
nique included  the  investigation  of  the  ef- 
fect of  tuning  the  narrow-band  laser  vuhWe 
monitoring  the  intensity  of  the  Rannan  signal 
to  detect  resonances,  estimation  of  the 


Raman  intensity  under  realistic  flow  con- 
ditions, and  the  selection  of  the  detection 
system  to  be  used  in  these  measure- 
ments. 

The  results  of  the  research  show  that 
if  detection  is  limited  by  photon-statistical 
noise,  then  at  temperatures  greater  than 
60  K  and  densities  greater  than  0.01  amagat, 
the  uncertainties  in  the  measurements  of 
temperature  and  density  can  be  less  than 
2  and  3  percent,  respectively  The  results 
also  show  that  under  the  conditions  that 
prevail  in  hypersonic  wind  tunnels,  the 
measurements  are  unaffected  by  the  heat- 
ing of  the  air  by  the  laser,  collisional  quench- 
ing, and  (if  the  laser  fluence  is  kept  below 
1.5  J/cm^  nonlinear  effects  associated 
with  multiphoton  processes  in  Oj  and  COj 

This  work  was  done  by  Robert  L. 
McKenzie  of  Ames  Research  Center  and 
Gabriel  l-aufer  of  Analatom  Inc.  To  obtain 
a  copy  of  the  report,  "Research  and  De- 
veloprrient  of  a  Laser  Spectroscopic  Tech- 
nique To  Measure  Temperature  and 
Density  in  Turbulent  Air  Flows," 
ARC-12719/TN 
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Calculating  Flow  Through  a  Helicopter  Rotor 

The  calculated  flow  is  fully  coupled  with  deformations  of  the  rotor  blades. 


A  new  method  for  calculating  the  flow  of 
air  through  and  around  a  helicopter  rotor  is 
incorporated  into  the  General  Rotorcraft 
Aeromechanical  Stability  Program  (GRASP) 
(a  computer  program  for  aeroelastic  ana- 
lysis). The  flow  induced  by  the  rotor  has  an 
important  effect  on  the  aeroelastic  prop- 
erties of  the  helicopter.  Because  of  the 
combined  finite-element/multibody  metho- 
dology used  as  the  basis  for  GRASP  and 
because  of  the  need  to  preserve  its  model- 
ing flexibility  and  generality  it  was  neces- 
sary to  depart  from  traditional  methods  of 
computing  the  induced  velocity  and  to 
develop  the  new  method. 

The  rotor  is  treated  as  an  actuator  disk, 
and  the  flow  field  as  a  cylindrical  region 
surrounding  the  disk  (see  figure).  The  ax- 
isymmetric  flow  field  in  hover  or  purely  ver- 
tical ascent  or  descent  is  represented  by 
an  airmass  element.  The  generalized  coor- 
dinates of  the  inflow  associated  with  this 
element  are  included  in  the  state  vectors  of 
the  steady-state  and  dynamical  mathema- 
tical models.  This  means  that  the  steady- 
state  inflow  velocity  field  is  calculated  in 
parallel  with  the  deformations  of  the  struc- 
ture and  that  this  velocity  field  is  fully  cou- 
pled to  the  deformed  state  of  the  rotor 
blades.  The  generalized  coordinates  of  the 
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The  Flow  About  a  Helicopter  Rotor  is  rep- 
resented by  an  axisymmetric  flow  field  in  a 
cylindrical  region  with  an  actuator  disk  as 
the  source  of  the  flow. 


inflow  are  introduced  into  the  model  in  a 
manner  similar  to  that  used  to  introduce 
the  degrees  of  freedom  of  the  structure. 
That  is,  an  air  node  is  introduced  to  repre- 
sent the  flow  field  at  a  point  on  the  axis  of 


symmetry  of  the  flow  field. 

A  rotor  blade  is  represented  by  an  aero- 
elastic beam  element — the  primary  struc- 
tural element  in  GRASP.  The  calculations 
of  the  momentum  contributions  from  the 
actuator  disk  are  separated  from  those  for 
the  blade  element.  The  airmass  element 
represents  only  the  aerodynamics  of  the 
flow  field,  while  the  aerodynamics  of  the 
blade  element  are  isolated  in  the  aero- 
elastic beam  element.  The  aerodynamic 
forces  exerted  by  the  flow  field  on  the  rotor 
are  calculated  for  individual  subelements 
within  the  aeroelastic  beam  element. 

777/s  work  was  done  by  Donald  L  Kunz 
of  Ames  Research  Center  and  Dewey  H. 
Hodges  of  Georgia  Institute  of  Technology 
Further  information  may  be  found  In  NASA 
TM-100026  [N88-10777].  "Analytical  /Mod- 
eling of  Helicopter  Static  and  Dynamic  In- 
duced Velocity  in  GRASP." 

Copies  may  be  purchased  [prepayment 
required]  from  the  National  Technical  In- 
formation Service,  Springfield,  Virginia 
22161,  Telephone  No.  (703)  487-4650. 
Rush  orders  may  be  placed  for  an  extra  fee 
by  calling  (800)  33&4700.  ARC-12202/TN 
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For  information  about  one  day  RUSH 
ordering,  call  (800)  553-6847  or 
(703)487-4650. 


NTIS  PRICE  SCHEDULE* 

This  schedule  converts  into  actual 
prices  the  price  codes  cited  in  those 
Tech  Notes  having  a  report  available 
from  NTIS. 

Price 

Code  Price 

A01  $8.00 

A02 11.00 

A03 15.00 

A04  through  A05 17.00 

A06  through  A09 23.00 

A10throughA13 31.00 

A14through  A17 39.00 

AlSthrough  A21 45.00 

A22  through  A25 53.00 

A99  Contact  NTIS 

for  price 

These  prices  are  for  customers  in 
United  States,  Canada,  and  Mexico. 
Other  addresses  should  write  for  the 
price  listing,  number  PR-360-4. 

Prices  effective  January  1 , 1 991 


J-  Purchase  Order  Service:  There  Is  a  $7.50 
bharge  for  this  service.  It  is  restricted  to 
customers  in  the  United  States,  Canada, 
and  Mexico.  A  late  payment  charge  will  be 
applied  to  all  billings  more  than  30  days 
overdue. 


If  your  address  labia  on  this  Tech  Notes  is  NOT  correct,  call  the  NTIS 
Subscriptions  Department  on  (703)  487-4630. 

1    ADDRESS  INFORMATION 

Last  Name 

Title 

Company/Organization 

Address   


City/State/ZIP 

Telephone  Number . 


2    METHOD  OF  PAYMENT 

I    I    Charge  my  NTIS  Deposit  Account    "~ 

EH    Check/Money  order  enclosed  payable  to  NTIS  for  $ 

I    I    Purchase  order  ADD  $7.50  per  order  (see  below  tor  restrictions)^ 
Purchase  order  number 


Charge  my     □  American  Express      Q  VISA      □  MasterCard 

Account  Number Exp. 

Signature 


(Required  to  validate  order) 


3    ORDER  SELECTION  (Use  only  tor  reports  stated  as  available  from  NTIS) 
NTIS  Order  Number  Price*  Quantity  Total  Price 

/NAC 


/NAC. 
/NAC 


/NAC 


/NAC 


Handling  fee  $3.00 


Total 
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